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The following introduction to the study of the Symptoms 
and Diagnosis of the Diseases of the Spinal Cord, is founded 
on an address, delivered in October, 1879, to the Members 
of the Medical Society of Wolverhampton. 

The third edition has been carefully revised ; additions 
have been made in many places ; and a section has been 
added on the diagnosis of " functional " from organic 
disease. 

The first edition has been translated into French 
by Dr. Oscar Jennings, and the second into Eussian by 
M. Zatchek. 



Queen Anne Street, London, 
BecembeTy 1883. 
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I In the following pages an attempt la made to give an 
V outline of the Symptoms and DiagnosiB of Diseases of the 
Cord, with especial reference to those points on 
I which modem investigation has added to the knowledge 
t that is current in the profession. In order to make a 
•'description of these points useful, it is necessary to 
I include them in a general outline of the auhject, in 
'which they may take their proper plaee. 

Our knowledge of the symptoms of these diseases is 

in advance of our therapeutic power. But the study of 

diagnosis must not, on that aocoimt, be undervalued. 

Even for practical purposes our diagnostic knowledge 

needs to be ample and exact. A very superficial study 

of practical medicine will show that much diagnosis, 

which is of no direct avail for treatment, ia essential 

for the diagnosis which enables us to treat suecessfully. 

Of all organs there are some diseases for which we can 

do little, there are others for which we can do much ; 

hut unless we are able accurately to distinguish the diseases 

of each class, we shall often fail to apply our skill where 

I it would he effective. Moreover, the diagnosis is easy in 

■ Bome eases ; while in others it is most difftcidt. The 

^ostic knowledge which is superfluous in the one is 

^eseential in the other. 

There is another reason why a general survey of the 
telements of the diagnosis of diaeases of the spinal cord may 
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ba useful. In systematic treatises, types of disoase are 
described. But the mutual relations of alt parts of the 
nervouB system are intricate, and ita morbid states are 
correspondingly complex. Cases whioh conform to types 
are rare, and the untypical casea are often puzzling, and 
can only be understood by a clear conception of the general 
principles of diagnosis. 

The first question in tho diagnosis of diseases of the 
spinal cord is whether the symptoms are due to organic 
disease or to merely funetionai derangement. But although 
this is tho first question in any case, the answer to it 
depends on the presence or absence of the signs of organic 
disease ; this point in diagnosis cannot, therefore, be con- 
eidered until we have discussed the character and signifi- 
cance of those signs. It is, however, important to note, 
at the outset, as a rule of cardinal importance, that the 
presence of a cause of functional derangement is not, 
in itself, sufficient ground for diagnosis. All signs of 
organic disease must he searched for and excluded, before 
the presence of the causes of functional disease is admitted as 
evidence. It is clear that, if there are any signs of organic 
disease, the existence of the causes of funetionai disease 
is of no significance whatever, Henee the impoiianee of 
knowing accurately all the signs of organic disease, even 
those which are minute and may seem superfiuous. 

The causes of functional derangement frequently co-exist 
with organic disease. Hysterical symptoms, for instance, 
are often present in the subjects of organic disease in all 
parts of the nervous system. There are two reasons for 
this. Many organic diseases are the result of an inherited 
neuropathic disposition, which may also cause hysteria. 
Further, the damage from organic disease often affects 
very widely the nutrition and function of the nervous 
system, and thus leads to the manifestations of hysteria, 
in addition to the symptoms of the organic disease. 
Hysterical symptoms are often obtrusive, . for instance, 
in oases of tumour of the brain. Hence tha existence 
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of aueh Bymptoma constitutes, alone, small evidence thai 
a given disease is merely functional. It may seem 
superfluous to dwell upon bo ob^doua a point, but I have 
often known cases to be regarded as purely hysterical, 
when the plainest signs of organic disease were to be found, 
if looted for ; and this merely because the patient presented 
manifestations of hysteria. The same thing is true of other 
causes of functional derangement, and it is true of the simu- 
lation of disease. Circumstanees suggestive of maUngering 
should be allowed no weight until the signs of organic 
disease are proved to be absent. Not rarely the neglect of 
this obvious ride ]ias led to cruel injustice. "When we think 
tliat symptoms are simulated, we should always look on our 
diagnosis, as well as on the patient, with suspicion, and be 
very sure that we are right, before we act on our opinion. 

If there is evideneo of the existence of organic disease, 
we have to ascertain its seat and nature — to make, that is, 
the anatomical and pathological diagnosis. It is of im- 
portance to keep these two points distinct in our minds. 
Their confusion is a fertile source of error in diagnosis. 
It is true that certain parts of the nervous system are 
frequently the seat of certain morbid processes ; but if we 
infer that because this or that region is diseased, the morbid 
process is of this or that character, we make a pathological 
diagnosis from anatomical facts ; and such a diagnosis will, 
not rarely, be erroneous. It is true we have sometimes to 
use this mode of reasoning : in the absence of other evi- 
dence, or as corroborating other evidence, it is legitimate 
and useful ; but it is only thus to be used, and always with 
full recognition of its character and uncertainty. As an 
instance, we may take the case of ineo-ordination of move- 
ment of the legs — locomotor ataxy. This indicates disease 
of a certain part of the spinal cord. In the majority of 
cases the disease in this region is of a oertam character ; 
but in some, the symptoms being the same, the nature of 
the disease is different; and to infer the character of the 
morbid process, in the latter case, from the symptomH 

B 2 
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present, would lead us, not only to a wrong diagnosia, 
but to an erroneous prognosia and unwise treatment. 

It 19 to be remembered, then, that we can only infer I 
from the symptoms present in a case at a given time — 
the settt of the disease. To leam ita nnhire we have to . 
study the way in wliich the symptoms camo on, and any 
associated conditions whieh may be present. 

I have put tliia nilc thus absolutely because it is one 
of great importanee, often overlooked. There are, however, 
certain exeeptions to it, especially the facta that pain, acute ■ 
spasm, and sloughing of the skin ore sometimes (not \ 
always) signs of an ■irrifafhr lesion. Even here, however, 
the exception is rather apparent than real ; for it is the 
aeutenesa of these symptoms, rather than their mere occur- 
rence, which is of puthologiial import. 

We will consider first, then, the elements of the ana- 
tomical diagnosis, the signs which indicate the seat of the | 
disease — "locahzation," as it is the fashion to term it — ' 
and afterwards glance at the elements of the pathological 
diagnosis ; that is, the symptoms wliich indicate the nature 
of the morbid process. 

We can only leam the significance of symptoms by ' 
ascertaining their nature and origin — what they are and i 
why they are. Hence our study of diagnosis mi^ consist | 
to a large extent in what may be termed symptomatic ■ 
pathology. The symptoms of disease are altei-ations of 
healthy function, and much of our symptomatic pathology 
is, literally, perveited physiology. We must, accordingly, 
in tlie first place, have a clear conception of such points 
in the stmoture and normal function of the spinal cord, as 
may enable us to understand the origin of the symptoms 
of its diseases. 
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The position of the cord, and of the origins of the nei-ves, 
in rehitioQ to the Lony canal in which it lies, is the first 
important point wluch we have to consider. It will he 
remembered that the cord does not, in the adult, extend 
through the entire length of the spiaal cnnal. It ends 
opposite the Ist lumtar vertebra, or opposite the interval 
between the Ist and 2nd lumbar vertebrce. Henoe the 
various pairs of nerves (except the highest) do not arise 
fi-om the cord opposite the vertebrte at which they leave 
the canal, and after which they are nitpied, but at a 
higher level. Tho difference between the level of origin 
and of exit, slight in the cervical i-egion, inoreaaes as we 
descend the cord, until, as you know, in the cauda 
equina, the lowest nerves have a very long course from 
the end of the oord to their foramina. It is important 
to know what nerves correspond in their origin with a 
given part of the vertebral column, because the cord often 
Buffei's secondarily to disease or injury of the bouea. The 
relation is rendered more complex by the fact that the 
vertebral spines, which alone we can feel, and which con- 
Btitute, therefore, our localizing guides, do not correspond 
in all ports to their vertebrse. Since these points are im- 
portant iu diagnosis, and are not adequately descriLed iu 
any English work, I have prepared a diagram (Fig. 1) 
showing the average relations of the spines to the bodies 
of the vertebrae, and of both to the origins of the spioal 
nerves. The tips of the cervical spines correspond nearly 
to the lower borders of the coiresponding vertebrse. Each 
of the upper three dorsal spiaes con-esponds nearly to the 
upper border of the body of the vertebra below. From 
the 4th to the 8th dorsal, each spine corresponds to the 
middle of the body of the vertebi-a below. The i)th, 10th, 
and llth spines slope les?, and their tips again correspond 
to the upper borders of the next vertebraB, while the rest 
of the spines are opposite tho bodies of their own vertobrie. 
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What ia the relation of the 
BjiineB to the nerve originB?* 
- — I C ipj^g Qj^gj. tiipee cervical spinea 
a are opjxiaite the origins of the I 
4 yrd, 4tli, and 5th cervical nerves. ^ 
e The 6th and 7th pairs arise' 
opposite the intervals hetween 

7 the 4th and 5th, and the &th 
B and 0th, cervical spines respeo- 
• I D tively. The 6th cervical spine 
a corresponds to the origin of the 
a 8th cervical nerve, and the 7th 
■4 cervical spine to the first dorsal 

nerve. The first four dorsal 
The Ist spine 
o the interval 
hetween the 2nd and 3rd 

8 pairs, or to the origin of the 
It 3rd pair. The 2nd apiae is 

.. ^p hehveen the 3rd and 4th pairs, 

or opposite the 4th pair. The 

3rd spine is opposite the 5th, or 

~^^ the interval hetween the 5th and 

„.. 6th pairs. The 4tli spine ia 

opposite the lower part of the 

origin of the 6th pair, or oven 

~ B below it. The 5th spine always 

corresponds to tlie origin of the 

~ * 7th pair ; the 6th spine to the 

■ fi 8th pair ; the 7th to the 9th 

... I s pair ; the 8th to the upper part 

of the lOth pair ; the ttth to the 

- a " Xhe only ceoardcd observatiooa on 

.. 4 this puiiit arc thorn uf Nuhn sud Jadelot. 

The facts stated in the text are partly 

the results of a (reuh oxumiiiatioii of the 
~ ^°' relstiona, kindly made for mo by Mr. 

V. Hurslcy, DemonatiBtor of Anatomy 

in University College. 
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11th pair, and the 10th to the 12th pair. The 1st 
lumbar nerve arises opposite the lltli dorsal spine; the 
2nd limihar opposite the interval between the 11th and 
12th spines; the 3rd and 4th opposite the 12th epine; 
the 5th dorsal and Ist sacral opposite the interval between 
the 12th dorsal and 1st himbar spines, while the remaining 
sacral nerves arise nearly opposite the Ist lumbar spine. 

I need not desciibe in detail the relations of the origins 
of the nerves to the bodies of the vertebrce, since they 
may be inferred from the facts I have given, or ascertained 
by a roforence to the "diagram. 

Thus the cervieal enlargement of the cord, which ends 
at the origin of tho 1st dorsal nerves, corresponds nearly to 
the bodies and spines of the cervical vertebrre, while the 
lumbar enlargement, which coramenoes at the 12th dorsal 
nerves, corresponds to the bodies of the 11th and 12th 
dorsal and 1st lumbar vertehrra, and to the lower three 
dorsal and Ist lumbar spines. 

We may next consider, briefly, the general structure of 
the cord, seen in a transverse section, such as is represented 
in the accompanying diagram (Mg, 2). It is divided into 
two halves by the anterior and posterior fissures, af. and 
pf. The latter is rather a septum than a fissure. The 
position of each is marked by a depression in the surface. 
In addition there are two other depressions, one where the 
posterior nerve-roots enter {}»:) ; another (at s.) about midway 
between this and the posterior fissure. The two " fissures " 
do not meet, being separated by the commissuie wJiich con- 
nects the two lialves. Tho grey matter, in each half of the 
cord, is surrounded by the white substance, and is divided into 
two portions, or "comua," The anterior coniii {<(c.) varies 
much in size and shape in different parts of the cord, being 
much larger in the cervical and lumbar enlargements than 
in the dorsal region. It does not come to the surface ; tho 
anterior nerve-roots {ar.) reach it by passing through the 
anterior column. The posterior comu (pp., Fig. 2) is much 
smaller, and comes almost up to the surface at the depression 
[pr.) where the posterior nerve-roota enter. It is much larger 
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in the liimbar enlargement than in the cervical and dorsal 
regions. The white substance is composed of nerre-fibrea 
running ■vertically ; and since these end at different levels, 
the white substance lessens in amount from above down. 
The relative amount of the grey and white substance, and 
the differences in size and shape of the grey comua in various 
regions of the cord, may be understood from the accompany- 
ing diagrams of sections at different parts. 

The posterior comua, coming to the surface, cut off from 
the rest of the white substance, that which lies between them, 
and this constitutes the posterior columns. Each posterior 
column thus lies between the posterior median septum and the 
posterior comu. The posterior roots of the nerves do not 
all immediately enter the grey substance, but some of them 




FiQ. 2.— DiAQEAK OF Section of Spraii: Coiuj m the Ceeyical Reqion. 
The referonoo lottoCB 4ire explflinpa in the text. 

course through the outer part of the posterior column, which 
we may term the postero-esternol column (p.e.c, fig. 2). 
It has been termed by Charcot the " posterior root-zone." 
A septum of connective tissue («., Fig. 2) separates off, from 
this area, that part of the posterior coliunn which is adjacent 
to the posterior median fissiu'e, and the part so marked off is 
termed the "posterior median column," The diatinction of 
these two portions of the posterior column is, as we shall see, 
very important in pathology. But it is to be noted that the 
fibres of the posterior roots only pass through the outer part 
of the poster -external column, and that these fibres In the 
lumbar region pass further into the column than tlie Ger\'ieal 
region. 
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The portion of wliite matter which lies in front of and 
outside the grey, from the anterior median fissui-e to the 
posterior comu, is structurally undivided, and is termed the 




Fro. 3. — DiiQBAitB OF SBonoN'g of tan Spisii. Coed at Diffeeekt 

The letters imJ niimbcra indicate the «piual nerves to which the sections 
corretipoiid. Eaeh la £^ired twice the Datnral size. [Frum Quaiit'a 
"Anatomy," 8th Edition.) 
antero-laterat column. It has heen oi-tiflciaUy divided into 
an anterior column, lying to the front and inner side of the 
anterior oorau, and a lateral column, lying outside the grey 
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matter (Fig. 3). But pathology indioatos a. more important 
division than this, and the study of the development of the 
oord corroborates the teachings of pathology. If certain 
ports of the brain {concerned in voluntary motion) are de- 
stroyed, certain fibres degenerate throughout the cord, and 
this degeneration marks out for ua the fibres which are in 
direct connection with the motor region of the brain. Two 
tracts are thus picked out, one in the posterior part of the 
lateral column, on the opposite side to the cerebral lesion ; 
and one on the same side, in the anterior column, close to 
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P.K.O., postero-ma^ii ooluinna, one on each side of t!io posterior median 
septum ; d.p.t., diract, or antorior, pjrdmidul traots, one on each side of 
the anterior niediaii fissure ; c.p.C, crosHod, or IntEral, pjraaiidul tract 
in the poateoar part of each lateral column, and separated front tha 
surf ace of the cord hy (■), the direct oorohellar tract of Flechsig. The 
areas of asEending degeueratioii are shaded yartically ; thoae of descend- 
ing degeneration tmnSTCraelj. 

the median fissure (see Plate, Mg. 1, a and b). These are 
called the "pyramidal tracts," because the connection of 
these tracts with the brain is by means of the anterior 
pyramids of the medulla. They are shown on both sides, 
shaded tronsyeraely, in Pig. 4, Those adjacent to the 
anterior median fissure are the " anterior (or direct) pyramidal 
tracts " ; those in the lateral column are the " lateral (or 
crossed) pyramidal tracts." 

The crossed {or lateral) pyramidal tract contains tlie 
motor fibres which have decussated in the medulla ; the 
direot {or anterior) tract, those which have not decussated 
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tliore. The relative size of these tracts varies in different 
individuals; the more fibres that have crossed in the 
medulla, the smaller is the direct tnwit, and vice ir.rtsel. The 
direct tract may even he absent, aU the fibres having crossed 
above (nechsig). 

Itegarding the lateral pyramidal tract, it may be observed 
that it is situated behind the level of the anterior c 
that it does not nsnally extend quite 
up to the posterior comu (although it 
may do so behind), and that it does not 
extend up to the surface of the cord, 
being limited by a zone ("Kg- i), in 
which there is no descending degene- 
ration. The fibres of this zone are 
said (hy Fleehsig) to descend from 
the eerebeRiun.* 

We have further evidence that the 
fibres in the posterior parts of the 
lateral columns descend from above, 
in the fact that, if the cord is de- 
stroyed at any level, these fibres on 
each side degenerate below the lesion, 
just as they do on one side after a 
cerebral lesion. Such bilateral degene 
Fig. 5, C, e e, the lesion causing it being indicated at A. 
Bilateral degeneration of these tracts is shown also on the 
Plate, Fig. 2, b b. This degeneration is currently, although 
not very happily, termed "sclerosis," and the degeneration 

■ The direct pyramidol traot is also called the ooliunn of Tiiccli ; the 
poatero -median calunia U oalled the oolunm of QoII, and the postero- 
eitcmal ooliimn ia oalled the colnnm of Bnrdaeh. I haye avoided the 
use of theao terma. Thia STBtem uf nomenolatiire is full of InconvenieDoe, 
inoreaein^ the diiEcnltieB of the student^ and leading to frequent miBts^H 
in Bcientifio writinga. There are very tew observatione in niedioina regard- 
ing which it ia not obrloua that thej would speedily have been made by 
some one other than the aotual abaerver; that it waa very much of an 
ancideat that they were made by oertain individuals. ScieutiGe Domen- 
clatare should be Itself scientiBc, not founded upon oocidenCa. However 
anxiouB we may be to honour individuals, we have no right to do so at the 
expeuKe of the couvenienoe of all future geuerationa of learners. 
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of this area ia designated " lateral sclerosis "■ 

lateral arlerosiB," when it is the residt of- a lesion higher up. 

I mentioned that the fibres of the white eolumnB end at 
ditEerent levels, and ao the white columns heeome progrea- 
aivply smaller. The portions of the white columns which 
constitute the pyramidal tracts follow the same rule, and 
hence the descending degeneration becomes smaller in area 
tho lower we descend in the cord, and in the lowest part 
of the lumbar enlargement it is very small indeed. The 
fibres of the anterior pyramidal tracts disappear in the 
dorsal region, probably passing to the other side of the 
coi-d. Hence the descending degeneration from the brain, 
iu the lower dorsal and lumbar region, ia confined to the 
opposite lateral column. Hence, too, if the cord is com- 
presBod, the descending degeneration appears in the anterior 
pyramidal tracts only when the compression is high up. 

A similar process of " secondary degeneration " furnishes 
corroboration of the distinctive division of the posterior 
column, which, as we have just seen, is suggested by 
anatomy. Below a ^Kiint at which the cord is completely 
destroyed, although the lateral columns degenerate, the 
posterior columns present no change. Above the point 
destroyed, however {as at B, Fig. 5), while the lateral 
columns, and the postero-external columns present no change, 
in the postero-median columns the nerve-fibres disappear 
and become replaced by connective tissue.* This ascenrling 
degeneration is also shown in the Plate, Pig, 3, c. These 
are the only secondary degenerations commonly described. 
But I have found, in a spinal cord of which the lower 
extremity was crushed, a symmetrical area of alight ascend- 
ing degeneration in the anterior part of the lateral columns, 

* ThL) EtBtemenl, althong'li tLat vhiuh is cnirent, is not strictly acaa- 
rate. Some diatance above the damntfe the Hfloeuding- degoneratiou is 
confined to the postero-median uolimms ; but close above the compression 
tbo degBQorQtioo extends outwards into the posterior portion of the postero- 
eitemal column, not, however, to that part of it through which the 
poaterior roots pass. Honoe it is probable that the fibres which course 
upwards in the postcro-mcdjuii culumn enter it from the pustcro-exUinial 
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in front of the pyramidal tracts (Plate, Fig, 3, c). Of its 
possible significance I will speak presently. 

The gray sat stance is composed of nerre-cells and 
interlacing fibres ; some of the cells in the anterior comuft 
are very large and with many processes, and are oaUed 
the " ganglionic " or *' motor " norve-oeUs. One process 
from each cell ia undivided and constitutes the axis cylinder 
of a nerve fibre of an anterior roof. The other jiroeesees 
divide and subdivide in the substance of the grey matter. 



II.—PITTSIOLOGY OF THE SPINAL CORD I.V 
RELATION TO THE SYMPTOMS OF ITS 
DISEASES. 

We may now consider the chief functions of the cord, and 
the effects of their impairment. In the spinal functions we 
have to distinguish two great systems of action^that by 
which the cord transmits, and that by which it controls ; i.e., 
its functions as a conducting organ, and as a nerve-centre, 
reflex and automatic. 

Motor Condiidion. — The conduction of motor impulses from 
the brain is in the an tero -lateral white columns, probably 
in the pyramidal tracts ; it is chiefly iu the side of the cord 
corresponding to the limbs moved, the crossing taking place 
for the most part in the medulla. The motor path leaves 
the cord by the anterior nerve-roots, but does not enter 
them directly. The fibres of the pyramidal tracts enter the 
substance of the grey matter, and are apparently connected 
through this with the large nerve-cells from which the 
anterior root-fibres proceed, Hence both the matrix of 
grey matter and the motor nerve-cells form part of the motor 
path. The power of voluntary motion may be arrested by 
a lesion anywhere in this tract — -lateral column of the cord, 
grey matter, and anterior nerve-roots. If the lesion is on 
one side of the cord, the loss of power will be on the same 
side, and in degree proportioned to the number of pyramidal 
fibres which have crossed in the medulla; and this, as we 
have seen, is not always the same. 
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Sensor;/ Coiidudwii. — All sensory impulses — of pain, touch, 
temperature — enter the cord by the posterior roots, passing, 
in part directly, in part through the postero- external 
columns, into the posterior eomu, and q^uickly crossing to the 
other side of the cord. There is some reason to believe that 
the paths of these several sensory impidsea up the cord are 
not the same. That of pain haa been commonly believed to 
pasB up the central grey matter ; that of touch, and perhaps 
also of temperature, passe s up, in the opinion of some 
authorities, in the posterior column. But according to late, 
most careful, and apparently conclusive esperiments by 
^VoroBchiloff {confirmed by Ott), such sensation as can be 
tested in the lower animals is conducted, in the dorsal region 
in the lateral eohmms. No facts have been hitherto recorded 
Fuggesting that this is true of man. But if sensation is con- 
ducted in part in the lateral columns, it is certainly not in 
that portion of them which is occupied by the pyramidal 
tracts, because there may be no loss when these are com- 
pletely degenerated. It is probably, therefore, in front of 
these. This k the situation in which I have found the 
tiscending degeneration in the case of crushed cord in which 
sensation was greatly impaired. (See p. 13, and Plate, 
Fig. 3, e.) This fact at present stands almost alone," but, 
taken in conjunction with the esperiments on animals, it 
points, I think, to the probability that some sensation is con- 
ducted in this region in man ; what or whence, whether 
from the skin or deeper structures, we do not know. 

We are still too ignorant of the paths of sensation 
for us to infer much from the form of its affection in 
spinal disease. One thing, however, seems clear— the path 
o£ sensation is less definite than that of motion. A very 
small portion of undestroyed cord will conduct sensation, 
but it is then, at least in its intenser form, commonly 
retarded. Each form of sensation may be impaired by 
disease of the posterior roots, either outside the cord or 

* A confiirnatioD of the occuirence of limited degenaratian in 
eituatian is fuiTiinhod \yy an intereBtiug obBcrTB.tic)n liy Dr. Hoddim 
(" Puth. Tmns." vol. zxxiii. p. !1). 
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the postero-estemal column through which they pass ; 
or hy disease of the eoDilucting structureB of the cord 
higher up ; and, since the paths decussate in the cord, if the 
lesion is unilateral, sensation will be affected on the Bide of 
the hody opposite to the lesion (motion heing affected on 
the same side). A strong reason for believing that the paths 
are not the same is, that the senses of touch and pain and 
temperature are often impaired in different degrees. The 
most common change is for the sense of pain to he lost and 
touch preserved (analgesia). In such a condition the shghtest 
touch of the finger may be felt readily, but a needle may be 
driven into the skin, and the patient experiences only the 
sensation of a toUeh. In other ceises the sense of touch 
may be lost, and only the perception of painful impressions 
remain (anEesthesia). In other cases both are changed pro- 
portionately. To ascertain impairment, it is necessary to 
examine carefully the sensitiveness to eaeh form of stimu- 
lation, to note how the patient feels the impression (sioce the 
sensation, when not lost, may be perverted), to note whether 
it is localized accurately, and to note whether it is unduly 
retarded. Sensations of pain and temperature are never so 
rapid as that of touch, and it ia in these that the chief 
retardation takes place. 

The functions of the asoending fibres of the postero- 
median columns are stiU unknown. Their degeneration 
does not seem to be accompanied by any impairment of 
sensation. We also know Httle of the function of those 
fibres of the an tero -lateral column which He in front of the 
anterior comua. 

Reflex Acfiom. — The next important function of the eord 
is its action as a rcBex centre, "We may regard the reflex 
system of the cord as made np of a series of nerve-loops 
or arcs, each posterior, sensory, root being connected with 
certain anterior, motor, roots by means of the grey matter 
(Kg. 6). This consists partly of the large motor nerve-cells, 
and pai'tly of a network of the finest nerve-filaments and 
minute nerre-celU. The connection of the roots, through the 
grey matter, is apparently hy this network of fine fibres, which 
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interlace like the filaraeuts of a sponge. But in tliis there 
are paths of different resistance, bo that a slight stimulus mo.y 
pass by the most ready path to a certain anforior root, while 
a stronger stimulus may diffuse itself more widely and affect 
many nerve-roots. For instance, a gentle touch on the sole 
may cause only a movement of the toes ; a stronger touch, a 
start of the whole leg. A similar wide diffusion may occur 
in pathological states of the cord. These reflex loops are also 
connected with the conducting tracts to and from the brain. 




Fro. 6.— DiiOBAK 

, conducting motoi 



seusory, DEiTe-cuota. 



its ; B, conductiug 



A motor impulse, passing down the cord in the white column 
(m), leaves the cord by the anterior roots (in), which are part 
of the reflex loop, and enters the anterior roots by the grey 
matter and motor nerve cells, which may be regarded as part 
of the reflex centre. So, too, the sensory impidae enters the 
cord by the posterior nerve-roots («), which are also part of the 
reflex loop, and then, leaving this loop, ascends the opposite 
Bide of the cord to the brain. Thus the same peripheral im- 
pression excites a conscious sensation and a reflex action ; and, - 
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a the other hand, we can, if we wish, execute voluntarily a 
movement of the leg quite the same as the reflex action. 
Moreover, we can exercise some voluntary control over the 
reflex movement, and prevent or lessen the start of the leg. 

The value of the reflex actions in diagnosis is, that their 
persistence is proof that there is no oousiderahle disease in the 
reflex loops hy which they are produced. They thus yield 
us very important diagnostic information. Both their absence 
and their excessive degree are significant. It will be well, 
therefore, to atudy them in more detail. 

It is necessary to distinguish two forms of reflex action. 
The first is that excited by stimulation of the sHn, by a 
touch, scratch, prick, etc. On gentle stimulation, contrac- 
tion occurs in the muscles at or near the spot. A series of 
such reflex actions can often be obtained in the normal spinal 
cord, from the lowest extremity of the cord to the lower part 
of the oervioal enlargement. In some cases they are of con- 
siderable diagnostic importance. Beginning below, we have 
the well-known reflex from the sole (plantar reflex) which 
depends on the lower part of the lumbar enlargement, when 
the movement which results is oonfijied to the foot-muscles. 
(See Table, p. 60.) Next, irritation of the skin of the but- 
tock, in some individuals, excites a contraction of the glutei— 
the gluteal reflex, we may call it — depending, I believe, on 
the cord at the level of the 4th or 5th lumbar nerve. Next, 
there is the well-known cremaster reflex, by which the 
testicle is drawn up when the skin on the inner side of the 
thigh is stimulated. This arises at the level of the 1st and 
2nd lumbar pairs. It may oft«n be excited by stimulation 
of any part of the front and inner side of the thigh.' Next, 
there is the abdominal reflex — a contraction in the abdominal 
rausclea, when the skin is stroked on the side of the abdomen, 
from the edge of the ribs downwards. This is produced in 
the cord from the 8th to the I'Jth dorsal nerves. Next, 
a stimulation on the side of the chest, in the (ith, 5th, and 
Boraetdmes in the 4th intercostal spaces, causes a dimpling 
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of the epigastrium on the side stimulated. I think that it , 
depends on a contraction in the highest fibres of the rectus 
abdominie ; it is singularly uniform in its occurrence. We 
may term it the epigastric reflex ; it depends on the spinal 
cord from the ith to the 6th or 7th pairs of dorsal 
nerves. There is no higher reflex on the front of the 
trunk. If we turn to the hack, we shall find that in some 
patients, from the angle of the scapula to the iliac crest, 
stimulation of the skin along the edge of the erectors of the 
spine exeites a local contraction in these mnseles. These 
dorsal and lumbar reflexes, as they may be termed, are only 
of corroborative value, as they are less active than the more 
convenient abdominal and epigastric reflexes, which are pro- J 
dueed in the same n?gion of the cord. Irritation of the skin | 
in the interscapular i-egion gives us, however, the highest ■ 
reflex available — a contraction in some of the scapular 
muscles, when slight, chiefly marked at the posterior axillary 
fold (teres) ; when more considerable, involving almost all the 
muscles attached to the scapula — trapezius, teres, serratus — i 
and even moving the bone a little outwards. We may term 1 
it, therefore, the scapular reflex, and it ia produced in the ' 
cord at the level of the upper two or three dorsal and lower 
two or three cervical nerves. 

Thus in these reflexes — plantar, gluteal, cremasteric, abdo- 
minal, epigastric, and scapular — we have the means of ascer- 
taining something of the condition of almost every inch of 
the spinal cord from the cervical eidargeraent downwards. 
The presence of the reflexes is proof that tlie reflex path 
through the cord is not seriously uninterrupted, but we cannot 
simpiy infer from their absence that this path is impaired. 
The reflex exoitabihty of the cord varies much in different 
individualB, la always greatest in early life, and is often 
lessened in the old. Some of these reflexes axe thus absent, 
apart from disease, especially the gluteal and lumbar reflexes, 
and sometimes the cremaster reflex ; the abdominal reflex 
is also lessoned by laxity or distension of the abdominal 
parietes. It is a remarkable fact, also, that disease of 
one cerebral hemisphere lessens or abolishes these superflcial 
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1 on tlie opposite (paralysed) side of tlie body. The 
diminution may be observed immediately after tbe ocourrence 
of tbe cerebral lesion, and may be permanent. It is an effect 
very difficult to explain, because these reilexea are iaoreased if 
the disease, which lessens voluntary power, is not situated in 
the brain, but is high up in the cord.* The effect of cerebral 
disease does not interfere materially with the use of these 
reflexes as indications of spinal disease, and it affords us 
an important additional indication of the existence of an 
organic disease of the brain. I will presently give you 
some instances of the utihty of these reflexes in spinal 



The second group of phenomena which depend on reflex 
action are those which have been termed " tendon-reflexes." 
These phenomena are of great practical importance, and it is 
necessary to describe their character and nature in some 
detail.t 

We will first oonsider the well-tnown jerk of the leg 
which occurs when the patellar tendon is tapped. It has 
been called the " knee phenomenon " by "Westphal, the 
" patellar-tendon reflex" by Erb. The latter designation 
has come into general use, although, as we shall presently 
see, it is an undesirable term. We may, therefore, speak of 
it either by the somewhat cumbersome designation proposed 
by Westphal, or by the simpler descriptive term " knee-jerk." 
It is not a Httle ourious that this knee-jerk, which has 

• There ia, I think, only one possible erplanation. In the frog' tie 
BuperfiDial reflexeH are contraUcd by a centre, iiituatcd in the optio lobes, 
and are lessened, or at least retaxded, if this is Btimulated. It is probable, 
as juHt obseired, that there is also in the bibber animals a eentre which 
has the power of controlling- these roflei actions. If we aasunie that this 
controlling' centre ia itself under the inflnenoe of the highest motor 
oentrea— not an improbable assumption.— aU the phenomena are intelligible. 
The motor oentres nominally restrain the controllintj: oontre : if the motor 
ceotrea (or path from them to the controlling' centre) are damaged, this 
centre ia uuTestrained, and inhibits the superficial reSexea on ths paralysed 
side. But disease in the cord interrupts, not only the voluntary path, but 
also that by 'which the controlling centre influenoes the superjiaial reflexes 
and HO these are intensified in the paralysed parts. 

I First systematiually studied by Erb and 'Westphal, but provioualy 
pardatly recogmasd and employed in diagnoslB by Charcot. 

2 ■ 
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for generations amused schoolboys, should have become an 
important cHnical Symptom , 

To obtain the jerk, the knee must be flexed so that the 
quadriceps femoris ia gontly extended, and the leg must 
be free to move. If then the patellar tendon is struck, the 
quadriceps contracts and jerks the leg forwards. The most 
convenient position ia with the knee to he tested flexed 
nearly, but not quite, at a right angle. The posture 
commonly employed is with the leg to be tested across the 
other, the knee of the supporting leg being at a right 
angle (Pig. 7). But if the leg to be tested is stout, its 
tension in thia position may be too great to permit of any 
movement. In such case the best posture is for the observer 
to place his arm beneath the patient's thigh, juat above 
the knee, and rest his hand on the patient's other knee 
(Fig. 8). Not long ago X saw a rather stout man, well 
known to many members of our profession, who was uneasy 
because a physiological friend had been imable to produce 
this phenomenon upon him. His legs were so stout that, in 
the posture commonly employed, no movement occurred 
when the patellar tendon was struck. But when the thigh 
rested on the obsei-ver's arm, in the way I have described, 
the tap on the tendon caused a ready jerk, much to the 
satisfaction of the individual examined, whose anticipations 
of impending locomotor ataxy were thus removed. Children 
may sit on the edge of a chair, adults on the edge of a table ; 
but if so, and the legs are vertical, tlie effect of the blow and 
of the muHcular contraction must be carefully distinguished. 
The aide of tlie extended hand is a convenient instrument 
for giving the blow (Fig. 7). Now and then, when veiy 
slight, a percussion hammer (Fig. S), or a stethoscope with 
an india-rubber edge to the ear-piece,* elicits it more readily, 
espeoially when (as in children) the space between the patella 
and tibia is too small to permit of a suitable blow with 
the hand. It may commonly be obtained as readily through 
one or two garments as npon the skin. If its existence 
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18 doubtful, however, the skin should bo bared. In many 
caaeB the moveineut may be obtained by a downward blow 
upon the patella, hy a blow on the quadriceps tendon 
above the patella, or by a blow on the substance of the 
muscle, almost as readily and strongly as by a blow on the 
patellar tendon. In cases in which it is in great pathological 
excess, it may even be excited by a blow on the tibia. 

When it is in excess, the same phenomenon may be 
conveniently brought oiit in a somewhat diSeront way. 




Fja. 7.— OnniNAnY koee of OBTii.-Jum Fio. 8.~Kses-Eefe.ex, 

THE Ksbe-Eepleh. Method of obtaming it with 

lie dotted line indicates the moTemoDt a{)(>ruusBioD haminer when 

which foUowa the blow un the patellar it in not readily produced 

tondoQ. in the ordinary way. 



I 

^^^1 As the patient lies in bed, the finger of one hand is placed 

^^^1 across the quadriceps tendon just ahore the patella, and the 

^^^1 patella pushed down, so as to make the quadriceps tense. 

^^^1 The finger is then percussed in the direction in which the 

^^^1 patella is being pushed, so as, suddenly, to increase the 

^^^P tension in the muscle. The blow is instantly followed by a 

^^^P contraction, jerking the patella and finger upwards. Very 

^^^^ often this single contraction is immediately succeeded by a 

^^^H second, and this by a third, and so on — a series of quick 
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clonio controotions, reourring as frequently aa eight per 
second. By grasping the patella firmly, and suddenly 
pusliing it downwards, so as to make the muscle teuse, this 
clonus may also be set up, as Erb has shown. It may con- 
tinue as long as tension is kept up, but instantly ceases when 
the muscle is relaxed. 

The nest important phenomenon belonging to this 
group occurs at the anlde-joint. If the calf-muscles, which 
are connected with the Achilles tendon, are made tense, 
and this tendon is tapped, the muscles contract, causing 
a slight extension moTement of the foot ; just as the 




muflclee of the thigh contract, when the patellar tendon is 
struck. In cases in which these phenomena are excessive, 
— just as sudden tension in the thigh-muscles will cause 
a contraction, followed by others in a continuotis series — 
BO, in snob cases, if the calf-muscles, which extend the 
ankle-joint, are suddenly put on the stretch by pressing 
the hand against the sole of the foot (Fig- 9}, a quick 
contraction occurs, instantly ceasing, hut, if the pressure is 
kept up, instantly renewed, and recurring, as long as the 
tension is maintained, a-s a clonic series of spasmodic oon- 
tractions — the " ankle-clonus," or " foot-olonua " (or " foot J 
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phenomenon" — Westphal). It can often be obtained beat 
when the knee is not completely extended. The movement 
is very uniform, from six to ten oontra(itiona occurrijig 
par second. By attaehing a writing point to the foot, 
and making it trace a Hne on a revolving cylinder covered 
with blackened paper, I have obtained such tracings as I 
now show you (Fig, 10), wbicb are almost as regular as the 
tracings of a tuning-fork. This foot-clonus can be more 
frequently obtained tbau the elouua in the extensors of the 
knee, but the two have the same time, and are evidently of 
the same nature. 

What is the natui-e of these phenomena ? When a 
tendon is tapped, and its muscle contracts, the ooourrencM 
has somewhat the aspect of a reflex action. It was 




assumed by Erb that the contraction is a trae reflex 
action, the stimulus being the excitation of nerves in the 
tendon. Hence it has been termed " tendon-reflex," This 
view has received apparent confirmation by the disoovery 
of certain facts: (1) That there are nerves in tendon/ 
(2) That these phenomena depend for their ocourrenoe on 
the integrity of the reflex path to, through, and from the 
spinal cord, and are arrested by a lesion in this path. 
By experiments on animals (in whom similar contractions 
may be obtained) it has been found that they are prevented 
by division of the nerves to the muscles, by division of 
either the anterior or posterior roots of the spinal nerves, 

' It does not seed the miacowope to dsnioiietrate thU, as any one may 
aHC(!rtain who will take tbe troubls to give hia Aoliilles tendon a 9ha.11> 
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were a reflex process, and rather more for the movemeTit at 
the anile. I hare found that when the Achilles tendon, or 
the front of the leg is tapped, the resulting contraction 
occurs in ahout one-thirtieth of a second* The interval for 
the knee-jerk has been found to he about one-twenty-fifth or 
one-thirtieth of a seeond.t If the patella is pressed down 
and tapped, in the way I have just described, I have found 
that the interval between the tap and the resulting contrac- 
tion is often not more than oue-fortietb of a second. The 
shortness of the interval mokes it difficult to believe that 
these contraotions can be reflex, and supports the theory that 
they are excited locally. 

But to this view, that the eontnictiona are excited locally, 
is apparently opposed the fact that they are prevented by 
whatever lesion arrests reflex action. Some have endeavoured 
to explain the discrepancy by the suggestion that reflex 
action may occur in a much shorter time than is commonly 
supposed. This suggestion is not at present justified by any 
known facta. Another and, I think, mneh more probable 
explanation is this. If we regard the contractions aa local, 
we have still to account for the iiTitability which permits the 
local stimulus to cause a contraction. This irritability is 
developed by passive tension. If the muscle is relaxed the 
fibres may contract if they are struck directly, just as do 
the fibres of a separated frog's muscle, but no contraction 
can be produced by striking the tendon. Henoe I have 
suggested that the tension excites, by a reflex influence, a 
state of extreme irritability to local stimulation, — such as 
that of a tap on the tendon, or such as the vibration from 
a tap near the muscle, or from a tap on the bone to which 

• "W:ed.-Chir. Tthiih." 1879, p, 292. Tbe meaaurement has been ninoe 
confirmed by 'Waller, "Brain," Julji 1880. 

t '039 eeo. Sarckbardt ; 032— -031 aeo. TBohiijeT ; -04 sen. BriwiaQd ; 
■03— 'D4 eeo. Waller; '3 sec. Euienberg. Soine measoreiiiQiita wbiob I 
made of tlie interral (" Med.-Chir. Ttsdb." lS79t p. 27o) gave a longer 
interval, probablj in ooDxequence of the muvement of tbe foot being taken aa 
the indication of t.be commenciug controctian. "Load" wiUinorease gTeatly 
tbe period of latent gtimulatian, probablj b; oaoaiijg the initial uuntcaction 



PATHOLOGICAL PHYSIOLOGY OF THE SPINAL CORD. 



27 



I 
I 



the tendon is attaolied, — which thus excites a visible con- 
traction* 

The exiilanation receives some confinnation from the 
very interesting ohservations of Tachirjew.t Ue has found 
that if the nerve to a separate muscle be divided, the 
muscle remains of just the same length. If, however, a 
weight be first attached to the muscle, when the nerve 
is divided the muscle lengthens. This shows that the 
tension does excite a slight contraction which is dependent 
on a central influence. It is in this condition only that 
the local stimulation is efEeotive. If the tension put on 
a muscle is gentle and gradual, it may only develope the 
irritabihty, aud an additional local stimulation is necessary 
to produce a visible contraction. If, however, the tension 
is sudden and forcible, it not only developea the irritability, 
but produces visible contraction in the muscle thus rendered 
irritable — as in setting up the foot -clonus. I have shown + 
that the relaxation of the muscle, between the successive 
contractions, is not complete : there is a persistent residual 
contraction, i.e., a tonic contraction on which the clonic 
contractions occur. When one clonic contraction is 
over, the tension continuing, a second is instantly 
developed. 

The sensory nerves of muscles have been shown by 
Tschirjew to commence, not within the muscular fibrils, 
but in the interstitial connective tissue. The afferent 
impulse produced by tension is apparently due to the tension 
acting on these nerves : the visible contraction is excited 
by tension or vibration affecting the muscular fibres them- 
selves. The latter is ineffective unless the muscles are 
brought into a state of special excitability through the 
cord. Of the reality of an afferent impulse from the muscle, 
produced by tension, you may easily convince yourselves, 



' TMb eiplanatioii wiia originnlly given for tie "foot phenomenon" alone 
("Med.-Chir. TranH," 1879, p. 29o). I now think that it is equally appUcable 
to the knee-jerk. The evidence of the identity in nature of the tno is very 
forcibly stated by Waller (loo. cit.). 

Beichert und Du Bois Beymond's Arcbiy," 18TS. I Luc. cit. p. 28B. 
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if you will allow your ankle to be suddenly flexed. A.| 
distinct pain is felt in the muscle (none, be it observi 
in the tendon). It is not surprising, therefore, that thian 
afferent impulse should, very often, not merely develops 
the reflex excitability, or tonic eontraetiou, but also i 
a more widely-spread reflex action. The attempt to get 
the foot-clonus, for instance, will cause a flexion of the J 
hip-joint; the attempt to obtain the knee-jerk may cause a 1 
movement in the opposite leg or a start back of the body. 
But these reflex contractions, if carefully observed, confirm 
the theory which has been put forward in the preceding 
pages, for they distinctly succeed, at an appreciable interval, 
the local contraction. If, for instance, in a patient now J 
uuder my care, I depress the patella so as to make tensal 
the quadriceps, and then tap the depressing finger, the tap] 
is followed, after an interval too short to be rec 
by a contraction in the muscle, and after a very distinct! 
interval {which I have foimd to be about three times as 7 
long as the other), by a contraction in the opposite 1 
So, too, Burekhardt baa found that the latent interval for 
a skin-reflex is three times as great as for the knee-jerk. 
I think that this theory of reflex irritability and local i 
stimulation affords a full explanation of all the rela-i 
tions of these phenomena to the central nervous system, J 
and to the other phenomena of disease, and it is the onlyJ 
theory which adequately explains them. 

It seems, therefore, most desirable to discard the term \ 
" tendon-reflex " altogether. The phenomena are, according J 
to the explanation above given, dependent on a "muscle- I 
reflex " irritability, which has nothing to do with the l 
tendons, If we wish to describe them by a general term, ] 
it will be best to employ one which does not involve i 
any special theory of their nature. They may be termed 
" t«n don-muscular phenomena," but the intervention of i 
tendons is not necessary for their production ; the one , 
condition which all have in common ia that passive ten- 
sion is essential for theii' oceurrenoe, and they may mora 
conveniently be termed myolaiic contractions (rarwtos, ex- J 
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' tended)." The irritability, on whidi they depend, is due 
to and demonatTative of a niuscle-reflex action which depends 
in the spinal cord. 

A true " teniion-reflex " may be excited by pinching the 
tendon, but this is a start of the whole limb, precisely such 
IS results fi-om a pinch of the skin. 

A clonus quite sunilar to that just described can be 

Bometimes obtained in the peronei (a lateral foot-clonus), 

, and also in the plantar muaeles of the great toe — in each 

I ease by passive tension. All have nearly the same time — 

about eight per second. 

It is of interest to note that modern physiologista know 
nothing of muscular " tone " except aa developed by tension, 
and it is highly probable that the condition on which the 
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FiQ. I'i. — NoBMAi: FooT-Ci/>rn7a. 
(The tnuiing tcada from rig'lit to left.} 

myotatie initability depends, ia identical with muscular 
"tone." It is not, therefore, surprising that we are able, 
even in health, to get evidence of a tendency to rhythmical 
contraction. If a rhythmical contraction can be set up 
voluntarily, and gentle tension in the gastrocnemius 
maintained, as by sitting on the edge of a chair with the 
ball of the foot resting on the ground, the contractions 
will go on involuntarily — a normal foot-donua, which has 
precisely the same time (about six per second) aa the 
morbid clonus (Fig. 12). A prolonged voluntary contraction 

• If it should ultimately lie prored (which is very improbable) tiiat bo 
short m interval aa one-fortieth of a second is auffluient for B refloi aotion, 
snd tiiat eftcli oontraotion is roftei, the term " mjotatie" will still be hdcu- 
Tat«, dnM it will remain true that tension is essential for the prodaotiou 
of Uiese oontrftctiona. 
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of the oalf-muaclea against a considerable resistance ^ae 
in standing for some time ou tip-toe) is also broken intadl 
clonus. These are evidently the same phenomenon, thai 
difEerenoe being that it cannot in health be excited by 1 
passive tension, Tor this to be effective a morbid reflex;! 
irritabilitj is needful, such as only exists in disease, lu | 
morbid states, in which the myotatie irritability is exces- 
sive, the posture I have Just described excites the clonuB 
very readily ; and the jerking legs of paraplegics as they sit 
must be familiar to yon. In attempting to walk, also, the.J 
tension on the calf-muscles has the same effect, and ths;^ 
patient may be jerked violently by the spasm. 

It is probable that this reflex relation between tension I 
and contractility of muscles is of the highest importance in, J 
their associated action, and that the reason why, in certain J 
muscles, as those of the calf, these phenomena are more ' 
readily observed, is because in these, during the process of ' 
walking, at every step contraction succeeds tension, and i 
the reflex relation between the two has attained a higher 
degree of development. It is rare to get a distinct clonus 
in a child who has never walked, even in the pathological 
conditions in which in adults it would certainly be obtained. 

The excess of these myotatie contractions is especially 
related to degeneration in the lateral eoluimi of the cord [ 
{pyramidal tracts). It is seen in extreme degree, for ■ I 
instance, in lesions of the cord higher up, which cause 
descending degeneration in those columns. It is seen also^ I 
in cases of hemiplegia with similar descending degeneration 
on the paralysed side. The excess is apparently not due i 
to the simple loss of a cerebral influence. It does not, as 
a rtde, occur immediately, but developes gradually at the 
end of a week or ten days, i.e., after a time sufficient to 
allow the nutrition- changes of commencing degeneration to 
pass down the lateral (pyramidal) fibres to the neighbour- ' 
hood of the muscle-reflex centres. Over-action of these 
centres follows, and must be ascribed to the loss of some 
controlling influence. Bat the control cannot be exerted 
by the fibres themselves, or the over-action due directly 
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to their degeneration, since the fibres only conduet, and 
do not originate nerve force. The pyramidal fibres enter 
the grey substanoe, and apparently end in its uiterlamig 
network of fine fibres and minute nerve cells, and by 
means of tbis structure are connected with the large 
ganglion cells of the motor nerves. The phenomena ai'e 
best explained by the hypothesis that this structure, in 
the matrix of the grey matter, oontrola the muade-refies 
centres (of which the ganglion eella are part), and that 
the degeneration of the pyramidal fibres, which can be 
traced to the grey matter, invades this stnicture. The 
loss of its influence permits the over-action of the muscle- 
reflex centre. The foot-olonus con often be obtained 
in slight chloroform narcosis, hut under the full action 
of chloroform it disappears ; apparently this agent in- 
fluences the controlling structure before it influences the 
muscle-reflex centres. Ether and nitrons oxide do not 
abolish myotatio irritability (Horsley). After an epileptic 
fit, again, a clonus can be obtained for a few miniites, 
while after a very severe fit, the myotatic irritabiht}', 
instead of being increased, may for a few seconds be lost, 
so that not even the knee-jerk can be obtained. In the 
first ease the discharge appears to temporarily exhaust the 
controlling structure ; in the second, the more severe action 
exhausts also the muscle-reflex centre iteelf.* 

It is uncertain whether we should ascribe all over-action of 
these centres to loss of control. We are justified in doing 
so when the over-action follows permanently a destroying 
lesion, such as the degeneration of the lateral columns. 
Shght over-a«tion is sometimes present when there is no 

' I do not know of any pathulogicid □bBerrittiEinB of tbo etate of the 
matrix o{ the gro; substance when there la dEg^oeration of tlie lateral 
QolnnuiB without affection of the motor gvjjg'lion ceUs. The inTeatigution 
is yery difficult on aocoimt of the character of the structure. In caaea ho 
extremclf rare aa to be manifestlj exceptional in mechanism, the foot- clonus 
been observed a few hours after the onset of hemiplegia. It is probable 
■- in these cases the controlling structure is ioMbited by the irritation of 
the cerebral lesion. A case liitely seen suggests that the knee-jert may 
be lust during the first hour after the onset, and then return : the 
irritatiTe inhibitioa extending; to tbe muscle-reflex centre itself. 
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evidence of sunh a process, but in -which there are indica- 
tions of irritahihty of the spinal cord, as in cases of hysteria 
■with spinal tendemess. It is possible that in these casea 
■we have a primary over-action of irritable centres. 

The diagnostic importance of a considerable increase in 
myotatic instability can hardly be over-estimated. By 
" considerable increase " I mean auoh a degree that a 
uniform clonuB can be obtained by simple passive flexion 
of the foot. I believe that such a clonus is always patho- 
logical, always indicates grave nutritive changes in the 
spinal cord, and that there is, in most cases in which it 
can be obtained, actual degeneration in the fibres of the 
lateral columns. 

A circnmstanoe ■which gives to this sign a special diag- 
nostic importance, is that in the cases in ■which it occurs the 
nutrition of the muscles and sensibility of the skin are often 
unimpaired, and the weakness in the legs is likely to be re- 
garded as "functional," or, if in a -woman, as " hysterical." 
In Jiysterical paraplegia the myotatic iiTitability is often 
perfectly nonnal. It is not uncommon, however, in these 
cases, to have, with spinal tenderness, an increased knee-jerk, 
but I have never seen, in any cafie of hysterical paraplegia, 
a foot -clonus such as is above described, and is so common 
in organic cases. Bnt a spurious, or voluntary foot- 
clonus is occasionally met "with in hysteria, which needs 
to be carefully distinguished from the typical form. In 
the latter, when the foot is first pressed up, the clonus at 
once commences and continues without variation as long 
as the pressure is maintained. But in the voluntary form 
there is no clonus during the firat few seconds, then the 
foot and observer's hand are pressed down by a voluntary 
contraction in the calf-muscles which is broken by clonus. 
This clonus may continue, but varies in degree (together 
with the pressure downwards of the foot) from time to 
time. Tliis variation and the dependence of the elomis on 
voluntary contraction of the calf-muscles, can be readily 
recognized. 

Similar myotatic contractions may be obtained in the 



I'ATHdLOGlrAI. PMYSIOLOfiY OF THE SPINAL i 



33 

' arm. A tap on the extensor tendon above the olecranon will 

oauBe a oontraction in the triceps. When they are in excess 

a tap on the bone to which the tendon is attached will 

, cansG a contraction in the muscle. Thus a tap on the 

radius will cause a contraction in the biceps, slightly flexing 

the elbow ; a tap on the nJna will produce contraction in 

the triceps, or in the forearm mnsoles connected with 

the bone, jnst as a tap on the tibia, in similar conditions, 

will cause the knee-jert. A clonus may even sometimes 

I be obtained in the biceps, or flexors of the fingers, by sudden 

tension, quite similar in time and character to the ankle- 

donus. In many cases these contractions can be obtained 

without any other passive tension than is involved in 

the posture of the arm. In hemiplegia the increased 

muscular tension which is involved in the condition of 

rigidity seems to suffice for permitting their occurrence. 

Each contraction is excited by the mechanical stimula- 

[ tion of the jar or of the increase of tension produced by 

t the tap. 

The myotatie irritability is lost in diseases which separate 
I the muscle from the spinal cord (as a lesion of the nerve), 
I in disease of the posterior root« (such as exists in posterior 
' Bclerosis), in disease of the anterior roots (as in chronic 
meningitis compressing the nerve-roots), and in disease of 
the grey matter at the level from which the nerves for the 
muscle proceed (as in infantile paralysis and allied diseases). 
It is also lost in diphtheritic paralysis * {in which there is an 
affection of the motor nerves and their cells) and in pseudo- 
hypertrophic paralysis (probably by reason of the disease in 
I the interstitial tissue of the muBole in which the afferent 
nerves begin). 
In employing these contractions for purposes of diag- 
nosis, it must be remembered that they ai-e, in health, 
Bimilar on the two sides. A difference between the two 
Bides is always pathological. For instance, the front-tap 
oontraction can sometimes be obtained in persons in whom 
there is no reason to suspect organic disease. But the 
■ Erb, Buzzard. I have Beveral times obBerred the same fact. 
I . 
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presence of the front-tap contraotion, on one side, and its 
absence on the otiier, shows, without doubt, some structural 
ohaDge. Not long ago I saw a young married lady anffering 
from weakness of the lega. She was very antemic, and the 
paraplegia had been regarded as unquestionably "hyeterieal," 
and she had been urged to exert herself and shake it ofE. 
The only absolute objective sign was that the front-tap 
contraction was very well marked on one side, and entirely 
absent on the other. This was strong evidence of structural 
change in the cord. This diagnosis was confirmed, only • 
too sadly, by the subsequent progress of the ease, for I j 
afterwards heard that the patient became completely j 
paraplegic, bed sores fomied, and it seemed likely thafc ] 
she would die. 

Before leaving these spinal reilex plienoraena, I may, 
parenthetically, illustrate, by an example, the manner in i 
which they are changed in cerebral disease, and th© 1 
occasional diagnostic importance of their alteration. The I 
cutaneous reflexes, especially the trunk reflexes, are often I 
lessened, but the myotatic contractions are increased when J 
there is any degree of descending degeneration in the eord<l 
Under these oh-cumstanees the foot-clonns and front-tapi 
contraction may be obtained. Not long ago, in investigatin 
these reflexes, I examined a man who was thought to be 
suffering from idiopathic epilepsy. No weakness was 
complained of. The epigastric and cremasteric reflexes 
were, however, absent on the right aide, and the abdominal 
reflex was slight, although all were well marked on th© I 
left. In the right leg the knee-jerk was excesaive, and' I 
the foot-elonuB and front-tap contraction cotdd readily btf.l 
obtained, while they could not on the left. This alteration'. I 
affords the strongest grounds for suspecting organic I 
brain disease, and its discovery led to careful examination I 
of the strengtli of the right Kmbs. Shgkt but distinot I 
weakness of the right arm and leg was found, and suh- 
aequently increased, and optic neuritis developed. In 
this case organic disease of the brain might readily have 
been overlooked, and probably would have been overlooked 
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for a time, had it not been for the indicationa afforded by 
these phenomena.* 

Co-onlinathit of Mofcmeiif. — The next function of the 
spinal cord to be mentioned is that by which it influences 
the co-ordination of muscular movements. This function 
apparently depends upon the posterior columns, for it is lost 
when there is disease in this situation, as in locomotor ataxy. 
It is not, however, the whole of the posterior columns which 
are related to the function, but merely the part distinguished 
as the postero-extemal cohunn or root-zone, that through 
which the fibres of the posterior roots pass. The moBt 
distinct ataxy may result from disease limited to this 
situation (Plate, Fig. 5), 

Why does disease of the posterior oolumns interfere with co- 
ordination ? We have seen that, by means of the muscular 
reflex actions, musculai' contractions become associated ; ten- 
sion influences contractility ; and thus there is a reflex group- 
ing of muscular actions, which undoubtedly plays a very 
important part, not only in the actual arrangement of the 
contractions, but also by, bo to speak, moulding the spinal 
centres by establishing Knes of lessened resistance through 
them, and so facilitating the voluntary co-ordination.t 
There is, I believe, another mechanism by which the 
impairment of reflex action may impair co-ordination, h'or 
any movement there must be not only a contraction of 
certain muscles, but also a proportioned relaxation of their 
I opponents. There is reason to think that the relaxation 

■ b this patient the right hemiplegia and the optic nenlitis increased, 
and ultimate]/ left hemiplegia graduall/ Biipervened. After death there 
It ere found tumours in eaoh bemiBphcTe of the brain. That on the leftside, 
vMch was the lu-ger, the arte of a pallet's egg, wiu aituated above the 
lateral ventricle, beneath the upper extremity of the ascending frontal con- 
volution, and it hud extended ttirough the lateral ventricle to the surface of 
the optic thalamna. It bad clearly interrupted the connection of the upper 
' ' motor oonvolutiona ' ' with the motor tract. 

t The epringing mnvementa observed by WorosohilofE in the hind legs 

of the rabbit after section of tbe dorsal cord, and regarded by him aa 

■ordinated" in the lumbar enlargement, were probably merely a cjin- 

aeeutive series of musote-reilex actions, analogous to the slow knee-clonua 

which I have described (.'■ Med.-Chir, Trans." 1879, p. 289) . 

T^ 2 
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ia really due to a, reflex action,* and this is also s 
by the lact, long ago pointed out hy Duehenne, that thw 
late rigidity of hemiplegia may commonly be readily 
relaxed by faradization of the opponents of the rigid muBclee 
If this is BO, we obtain a glimpse of a very complex serie* 
of reflex actions, by which a relation is established betweei^ 
tension, contraction in the same muscles, and relasatioiT 
in their opponents, which must undoubtedly play a ver 
important port in muscular co-ordination. These mustie- 
reflex processes in locomotor ataxy are almost alway^B 
impaired (if we are to judge by the knee-jerk, which ■ 
commonly and early lost). Their loss is probably oufti 
factor in the in co-ordination of ataxy. It is possible alsod 
that, an Todd long ago taught, these postero - external J 
columns contain fibres which connect groups of nerve-eelliBiB 
at different levels, and that upon this connection depends in | 
part the association of muBOiilar contraotions, which is e 
tial for co-oi-dinafed movement. The impairment of this! 
association, by posterior sclerosis, may be another element | 
in the ataxy. • 

But there are cases in which ataxy exists without loss of 
the knee-jerk, and with the foot-clonus. In these cases there j 
is always loss of power as well as inco-ordination, and there I 
is sclerosis of the lateral columns as well as of the posterior. J 
The lateral sclerosis will tend to increase the muscle- 
reflex action, and, apparently, the damage to the posterior'l 
roots is then insufficient to arrest it, or the sclerosis ia aaM 
situated as not to affect the posterior roots, although it may;! 
perhaps interfere with the eonnerftion between different groups I 
of nerve-cells. It may he remarked that the inco-ordination T 
ia in these cases never quite Hko that in typical ataxy- 
there is more unsteadiness than inco-ordination. In other ' 
symptoms also these cases differ from those of pure ataxy. 
" Lightning paina " are rare and sensation ia usually normal. 

When superficial sensation is lost from the extensive 

damage to the posterior roots, this loss will greatly i: 

the ataxy hy the removal of an important indication for 

" See " The Movements uf the Eyelids.'' — " Med.-Chir. Trang." 
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cerebral guidftnce of movement. But ainoe ataxy may exist 
■without loaa of superficial eensation, tluB ts evidently not 
tlie chief element in the condition. 

In the inco- ordination of movement which depends on 
the spinal cord, we greatly intensify the manifestation of 
the trouble by reducing the hase of support, since the 
smaller this is, the more accurate is the adjustment of 
muscular actions that is needed to maintain perfect 
equilibrium. Hence the ataxic has a difficulty in standing 
with his toes and heels close together; and if his feet 
are uncovered, the irregular muscular contractions are shown 
hy the twitching of the tendons. Moreover, we increase 
his difficulty by making him close his eyes, — withdrawing, 
thus, the visual guidance. 'It has been said that this test 
ia only effective when sensation is impaired in the legs, 
i.e., when the sensory impressions fi-om the legs are 
insufficient for cerebral guidance. This is, however, not true. 
The efEect may be very mai'ked when sensation is perfect. 
The maintenance of equilibi-ium is partly a muscle-reflex 
act, and if this function is slightly impaired, we can easily 
understand that it should be inadequate, unless supple- 
mented by the visual information. Even when there is no 
inco-ordination, under perfectly normal conditious, closure 
of the eyes causes slight unsteadiness. In ataxy this is, 
BO to apeak, multiplied by whatever defect may exist. 

It is important to he aware that the inco-ordinotion may 
not be equally distributed through the legs. In some 
patients it is marked in the muscles of the hips and knees, 
and the legs are raised too high, and brought down too 
suddenly. In other cases this characteristic is wanting ; 
the ineo- ordination affects chiefly the muscles of the feet, 
and causes unsteadiness of gait and irregular action of 
the foot-muscles in standing, or in movement of the feet, 
very conspicuous when they ai-e uncovered. 

Ataxy may be manifested, not only in the muscular 

contractions which produce movement, but also in those 

whioli should keep the limbs in a fixed position. It may 

I be conspicuous, as already stated, in the attempt to stand 
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upright. If the arms are affected it may be seen when the 
patient holds his hands ont and tiies to keep them in the 
same posture. Slow involuntary movements of the hands I 
and fingers take place. These are increased in degree by \ 
closure of the eyes, and may resemble the movements of | 
athetasis. The patient is unaivare of their occurrence, 

ConirolUiKj Fitiiffio/is.—We may consider next the eon- 
trolling functions of the cord ; and first, the influenca I 
which it exerts over nutrition. The nutrition of the I 
limbs, etc., is, to a considerable extent, under the influenoa I 
of the cord ; that of the muscles, and probably also of the I 
bones and joints, through the anterior nerve-roots ; that of J 
the akin probably through the posterior. 

Mmeii/ar Niiinfhn. — For diagnostic purposes the moat im- I 
portant is the influence on the nutrition of the muscles. The 1 
path of the influence ia the motor-fibres in the anterior roots | 
and nerve-trunks. Changes in tlie nutrition of the n 
which are not due to local influence, depend on changes in I 
the nutrition of the motor nerve-fibres. But the motor | 
fibres are the prolonged processes of the motor nerve- 
oeUa, and may be regarded as parts of the nerve-cells, ] 
sharing all changes in the nutrition of the cells. The ■] 
nerve-fibres are excitable by electricity, and changes in their \ 
nutrition are accompanied by changes in their excitability. 
By the use of electricity we are thus able to ascertain 
their state of nutrition, and to learn what is the condition 
of the nerve-cells in the cord, provided there is no disease 
separating the part of the fibre tested from the i 
of the cells. Hence the value of electricity in the d 
of diseases of the spinal cord. 

In a normal state, if you apply either the faradaio or the'l 
voltaic current to a motor nerve, there occurs, as you doubt* I 
less know, a contraction in the muscles, continuous when the I 
faradaic current is applied, but, if the voltaic current ia J 
used, occurring only when the current commences c 
to pass — i.e., when the circuit is "made or broken." In 
proportion as the nutrition of tlie neire-fibres is impaired, 
their excitability is lowered ; a stronger current of each kind _ 
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IB required to excite them and cause contraction in the 
muBcleB they supply. Wlien tlieir nutrition ia much 
impaired — i.e., when the fibres are "degenerated" — no 
contraotion can "be obtained even with the strongest 
currentB. 

The changes in the excitability of the musolea are leaa 
eimple, because in them there are two excitable structures— 
the terminations of the nerves, and the muscular fibres 
themselves. Of these the nerve-fibres are the more sensitive 
to faradization, and the faradaio stimulation of a muscle 
under normal circumstanceB is by means of these motor 
nerve-endings. T)iub we find that its excitability corre- 
sponds in degree to that of the motor nerve supplying it. 
The muscular fibres themselves ore, even in the normal state, 
less sensitive to faradization than the nerve, apparently 
because they oi-e incapable of ready response to stimulus 
so very short in duration as are the shocks of which the 
faradaio current consists. (The proof of this consists in 
the fact that under the influence of curara, which removes 
the excitability of the terminations of the motor ner\-e, the 
muscle requires a stronger faradaio current to stimulate it 
than in the normal state.} But under these circumstances 
tlie slowly inlernipted voltaic current stimidates the muscle 
as readily as in the normal state ; a contraotion occurs when 
the circuit la completed or broken — distinctly slower than 
that which occurs when the nerve-fibres are intact, and 
due to the stimulation of the protoplasm of the muscular 
fibres themselves. The fact that, under normal eircum- 
stances, the contraction which is caused by the voltaic 
current is as quick as that produced by the faradaio shock, is 
ground for belieiTng that, in health, the voltaic, as well as 
the faradaio current, causes the muscle to contract chiefly 
by exciting the motor nerve- endings. When the motor 
nerve is degenerated, and will not respond to faradaio or 
'voltaic stimulation, the muscle also loses all its power of 
response to the former. Apparently the nerve-degeneration 
is accompanied by changes in the nutrition of the muscular 
fibre, by which any power of response to faradization, 
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wlkich it possessed in the normal state, ia lost. But the 
response to the voltaic current remains, and becomes quickly 
more ready than in health, doubtless in consequence of 
nutritive changes which develope what the older pathologistB 
caUed, truly enough, "irritable weakness." Moreover, theroi 
may commonly be observed a change in the readiness of 
response to a certain mode of stimulation with voltaism- 
a " qualitative " change, as it is termed. In health, the 
first contraction to occur, on gradually increasing the 
strength of the current, ia at the negative pole when the 
cirouit IB closed, and a stronger current is required before 
cloBure-oontraction occurs at the positive pole. But, in the 
morbid state we are discusBing, closure-contraetion may 
occur at the positive pole as readily as at the negative, or 
even more readily — and contractions, when the circuit ia 
broken, occur far more readily than in the normal state. 
This condition, then — ^faradaic initahihty lost, voltaic irrita- 
bility increased and often changed in quahty — is termed the 
" degenerative reaction," because it occurs when the nerve- 
fibres are degenerated ; and if we test them we shall find no 
response to any stimulus, voltaic or faradaio. It occurs when 
the nerves are separated fi-om their motor nerve-cells, and ii 
no such separation exiflts it indicates an acute degenerative 
change in those nerve-eellfi. It is well seen in acute myelitis 
of the anterior comua (aa infantile palsy). 

But the motor nerve-cells and fibres often undergo changes 
in nutrition of a much more chronic character. In this 
condition the irritability of the fibres ia lessened gradually 
and slowly. The irritability of the inti'amuecular nerve- 
endings is lessened in the same degree aa that of the nerve- 
trunks, and we have a diminution to both faradization and 
voltaisra. The nutrition of the muscular fibres is slowly, 
gradually, impaired ; and when the nerve-fibree are much 
affected the muscular fibres are also. There is no stage in 
which the nerve-fibre irritability is lost, and the muscle-fibre 
UTitability retained; hence there ia no condition of lost 
faradaio and increased voltaic irritability such as charac- 
terizes the degraierative reaction just described. Irritability 



n 
4 



PATHOLOGICAL PHYSIOLOGY t 



i SPINAL tORD. 41 

is changed to the one form of stimulus just aa to the other. 
This condition is seen in many cases of progressive muscular 
atrophy, and also, in slighter degree, when the nerve-eeUa 
suffer, not in consequence of disease primary in them, but 
as a result of degeneration or irritation spreading to them 
from above. It is seen, for instance, in the wasting which 
occurs soiuetimes in hemiplegio limbs. 

Between these two forma there are intermediate conditions, 
especially in cases of subacute disease of anterior comua. 
For instance, the nerves may present normal irritability, and 
the muscle the increased voltaic irritability and changed order 
of contractions met with in degeneration. Probably, in 
these cases, some nerve-fibres are degenerated, and lead to 
the increased irritability of some muscular fibres. In both 
nerve and muscle the character of the reaction is determined 
by the more irritable structures; hence it is normal in the 
nerve and altered in the muscle. This is termed the 
"middle form" of degenerative reaction. It would he 
more aiicurate to call it tlie " mixed form," 

The various changes in irritability have been thought to 
indicate the existence and various affections of separate 
centres for the nutrition of the nerves and muscles, apart 
from, though acting through, the motor nerve-cells. He- 
membering that the nerves and muscles contain fibres which 
suffer in different degrees, the phenomena at present ascer- 
tained may all be explained on the simpler principle stated, 
without the assumption of these special centres of the 
existence of which there is, indeed, no evidence. 

Frequently the lowered irritability of degeneration in the 
nerves is preceded by a slight increase of irritability, very 

I transient when the degeneration is acute, of longer duration 
when the degeneration is of the slower variety just noticed. 
Thus, in the early wasting of hemiplegia, increased irrita- 
bility may be found, slowly giving place to diminution. In 
some morbid states, agaiu, in which the change of nutri- 
tion in the cells and fibres is extremely alight, an increase 
I discovered. I have found such an increase, 

I for instance, in diseases regarded as functional, as paralysis 
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agitaus and chorea, and it ie an intereBtmg prtxif of the 
molecular changes which underlie, or reaidt from, functional 
maladies. 

In employing electricity as a means of diagnosis, at least 
one of the electrodes should be small, so as to be able to 
concentrate the current on a single muscle. Great care 
must be taken to place these electrodes on corresj>ouding 
points on the two sides. It is convenient to be able to 
interrupt the current at the battery, so that the effect of 
the passage of the current may not be obscured by the 
mechanical effect of the application of the electrode.* In 
Stohrer's faraduic battery the current can readily be stopped 
by pressing the hammer with the third finger, while the 
rod graduating the current is raised or lowered with the 
thumb and first finger. By moving the hammer slowly 
with the finger, we may employ the isolated faradaic shock. 
(The current consists of a rapid suceession of shocks.) The 
isolated shock is often useful, because it is much less painful 
than the rapid series of shocks, and is especially convenient 
in the examination of children. A mechanical interrupter is 
essential in the cane of the voltaic battei-y, in which the 
stimulation only occurs when the circuit ia made and broken ; 
and no battery is suited for use for diagnostic purposes which 
does not possess such a means of interruption. A galvano- 
meter, to indicate the actual strength of current passing, is 
also very useful, since the number of cells employed affords 
little indication of the current which actually passes through 
the resistance of the akin, which varies much in different 
parts. 

In examining muscles and nerves we avail ourselves, 
whenever we can, of the opposite side for comparison, and 
when we cannot, we must, if there is any doubt, compare 
the results obtained with those yielded by a healthy indi- 

" The iutetrnptiug rteoptoreB (cootaining a meobanism iu the hnjidlc 
for mnlcing and brealcing contact) are lean convenieTit than thuj appear. 
In vatching for the ilnit flicker of cuntitiction, it in esaciitial that the 
rhcciphore should be held perfeutly still, and the coDtai^t oatinot bo made or 
brokeu in the hnndle withaat caiudnfc a Blight morement of the rheophnre, 
which intarferes with the deteotioD of tho muKrutar oontractioii. 
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viduaJ. Two conditions may be tested — first, the lowcKt 
strength of Btimuliis to which the muscle or nerve will 
respond ; and secondly, the relative degree of response to a 
stronger current. The former is the more important, but 
has been iuBisted on too exclusively, for the latter is 
important also. If a few fibres of a nerve are healthy, and 
the others are degenerated, contraction may occair with as 
weak a Btimidus as in the healthy nerve ; but if the emrent 
be made a little stronger, the contraction in the diseased 
part may remain the same when that on the healthy side is 
energetic. Both imtabUity and power, therefore, shondd 
be noted, and also the order of reaction to voltaism. 

The wiiriiion of bones and joints also probably depends 
on the anterior grey matter, but the influence is shown 
chiefly by the effect of disease in retarding the growth of 
bones. Now and then in posterior sclerosis (locomotor 
ataxy), a painless joint affection and hrittleness of bones 
develope. ^^Hien the upper dorsal cord is affected grave 
thoracic trouble may occur in a similar insidious way. 
Dyspnoea may lead to an examination of the chest of a 
patient who makes no complaint, and one pleural cavity 
may be found full of fluid. 

The imfritioii of the sHn and subcutaneous tissues depends 
upon nerves which havo their eourae in the posterior, 
sensory, roots, but whether there are special trophic fibres 
is unknown, and the centre on whi(;h the influence depends 
is also unknown. It is doubtful whether simple loss of the 
function of the posterior roots leads directly to lesions of 
nutrition. These may result indirectly in this condition ; 
the anresthesia deprives the patient of sensory information 
when change of posture is required to prevent damage from 
pressure. Occasionally, however, sloughing and vesication 
of the skin occur with extreme readiness, on the least local 
disturbance, and even with none. This is the case when 
the lesion is irritative in character, especially in destruction 
of the cord at the level from which the sensory nerves to 
the part proceed, and sometimes in disease higher up, as 
in some cases of acute myelitis. 
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Micturition and Di-/ifcation. — The epinal cord posse 
oentrea, situated in the lumtor enlargement, which presit 
over the action of ths bladder and rectum. They are pro- 
bably complex reflex centres : that for the sphincter anil 
is the more simple, but the system of action of each mayj 
be the same. In the waU of eaeh visciis we have mnscula*] 
fibres to expel the contents, and at the mouth a sphinctei 
arrangement to prevent fheir continuous evacuation. FteceBj 
or air in the rectum, or urine in the bladder, excites thoj 
lumbar centre, and causes two efEeots — contraction in the wall,] 
and relaxation of the sphincter. This process may be, to &j 
considerable extent, controlled by the will, although 
still ignorant of the precise mode in which the voluntary 
influence is exerted. But if the volitional path in the cord is 
interrupted above the lumbar centres, the will can no longer 
oontrol the reflex processes ; as soon as fteces irritate the 
rectum, they are expelled by the reflex mechanism ; as soon 
as a Bufiicient quantity of urine accumulates in the bladder, 
a reflex oontraction of the detrusor, and relaxation of the 
sphincter, cause its escape. The affection of the volimtary 
path for the sphincters is not always proportioned to that 
for the legs. If the damage to the cord involves also 
the sensory tract, the patient is unconsciouB of the action of 
the bladder or bowel. If the sensory tract is unafieeted, 
the patient is aware of the process, but cannot control 
it. It is often said that there is permanent relaxation 
of the sphincterB, but this is true only when the lumbar 
esntres are inactive or destroyed. In this condition, 
evacuation occurs as soon as faeces or urine enter the bowel 
or rectum. The urine escapes continuously, instead of being 
expelled at intervals. The condition is less obvious in the 
case of the rectum, because there is not such continuous 
entrance of freces into the rectum as there is of urine into the 
bladder. We may, however, distinguish between the two 
states of the rectum by the introduction of the finger. If 
the lumbar centre is inactive, there is a momentary conti 
tion, due to locaj stimulation of the sphincter, and thei 
permanent relaxation. If, however, the reflex centre aai 
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motor nerves from it are mtacfc, the introduction of tbe finger 
is followed, first bj relaxation, and then by gentle, firm, 
tonic contraction. I have verified this by introducing an 
india-rubber oj'Knder instead of the finger, and regiBtering 
the pressure on the cylinder hy connecting it with a recording 
apparatus, and have found that the relaxation is preceded by 
a very slight, brief contraction, and is followed by unbroken 
tflnic contraction. The rplasatinn may also he. readily pro- 




' motor tract, BT eenaory tract in the npinul corfi ; ma ni 
nerve for spliiiicter ; HO reiitre, and «nrf motor nerve fur detrusor ; 
J, afferent nerve from mucous membrane to b, setiBor; portion of centre : 
B, bladder. At r, the condition during- rest is indicated ; tho ephineter 
centre being- in action , the detniHOc centra not acting. Ato, the con- 
dition during action in indicated ; the flphincter ceutrs being inhibited, 
the detruBor centre actinff. 

, duced hy any impression on the mucoua membrane of the 
I xeotnm ahove the sphincter. 

In cases of gradual disease vre may often trace the 
gradual loss of voluntary power over the process of i 
L turition. In some cases this loss of power appears to be 
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manifeated as an inability, not to refifcrnin, but to excite 
the action of the centre, and we have then a tendency to 
retention. Many conditions can be beet understood by 
assuming tbat the motor centre really oonsiata of two parts 
— one (MS, Fig. 13) maintaining the contraction of the 
sphincter, the other (md) exciting the contraction of the 
detrusor fibres, and that these two parts are antagonistic : 
when one acts the other is inhibited. Thus, in nonnal 
rest, the sphincter centre is active, the detrusor at rest. 
Action is produced by a conjoint afferent impulse fi'om tlie 
bladder and voluntary impulse from the brain. Then the 
detrusor centre acts, and the sphincter centre ceases to act. 
If voluntary power Is impaired, the afferent impulse fi-om the 
bladder may be insufficient, and then there is retention, or 
in other such cases the motor centre may yield too readily 
to the affei'ent impidse, and there is reflex incontinence. 

Sexual Fuudions. — The eouditiona of the sexual organs 
depend on the integnty of the reflex loop to and from a 
special centre, also situated in the lumbar enlargement, but 
the due action of this centre depends on cerebral (psychioal) 
as well as refles influences. Disease of the centre, or of the 
ner\'es leading to or from it, abolishes sexual action. The 
sexual reflex is, however, one of the cutaneous reflexes, and 
it shares the condition of these rather than of the muscle- 
reflex actions.* 

The centre is probably double, and its action is impaired 
by interference with either half. When, by disease higher 
up, the connection with the psychical centres is interrupted, 
the sexual act cannot be perfectly performed. If the path 
from the controlling centre (p. 10) is unimpaired, the reflex 
sexual processes are not in excess, may even be diminished ; 
but if the path from this controlling centre is also interrupted, 
the reflex sexual processes are in excess like the other 
superficial reflexes, and priapism results. If the reflex centre 
ia partially diseased, the sexual act is imperfectly performed. 

* Thia ia Bometimes welt seen in locomotor Btai7. In nae cases of t 
disease there ix satyriiuus, and in suoh oases I hsve found a couditior 
extreme icritabilit; of the outaneona reflex actions. 
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The sexual centre ia probably near tbat for the cremaster 
reflex, and from the latter we may, in some oases, gain 
information reBpeoting the probable oondition of the sexual 
centre, and in conjunction with the conditions just men- 
tioned, of the sexual power. For instance, in locomotor 
ataxy, the cremaster reflex is rarely lost* without sexual 
power being lost or lessened also. Sexual power, may, 
however, be lost before the cremaster reflex, perhaps because 
more readily impaired. Again, in a patient with extensive 
disease of the lower and middle part of the lumbar en- 
largement, greatest on the left side, in whom the cremaster 
reflex was present on the right side and lost on the loft, 
sexual power was partially but not wholly lost. 

Vmo-mofof Centres. — The centres in the cord which in- 
fluence the sympathetic and vaso-motor system of nerves ai-e 
frequently affected in disease, and altered temperature, 
vascularity, and perspiration of limb result. In disease 
of tbe upper part of the cervical enlargement, espeoially 
in sudden lesions, hyperpyrexia may occur. Uut these 
symptoms at present are of little diagnostic importance, 
except when the disease is in the cervical region, and the 
vaso-motor change is conspicuous in the face. Then, if 
one aide is affected, unilateral sweating and flushing are 
conspicuous, and are due to the fact that sympathetic fibi-ea 
for the head arise in, or pass through, the cervical cord. 
In the same eases, the movements of the iris are impaired : 
initation of the cervical origin of the sympathetio causing 
spasm of the radiating fibres (dilatation), paralysis of the 
sympathetio causing their relaxation (contraction of the 
pupil). In many degenerative diseases of the cord the 
reflex action of the pupil to light is lost, the pupUa being 
usually, but not always, small, but (as Ai-gyll Robertson 
first showed) the pupils almost always contract if an effort 
of accommodation is made. The reflex action is lost, but 

• It mutt be rememberBd that the cremaster reflex is BometimeB absent, 
in odnlts, apart from disease. The Btateinent in the test applies to the 
cases in whinh there was snph a general abBeuue of the superficial refleiea 
aa anggeated a pathological loss. 
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the asBociated action romains. When the pupila are Bmall 
in these coses, they do not dilate on cntaneoua atiinula- 
tion, as they do in health (Erh). It is prohaLle that these 
phenomena do not depend direotly on the disease of the 
cord, but are due to an associated degeneration in the 
centres for the movements of the iris in the upper part of 
the pons. 

In this survey of the- more important functions of the 
cord, and their derangement, we have passed in review the 
chief symptoms which guide ua in diagnosis. One or two 
others, however, remain. 

Pain, referred to the spine, occasionally present in 
organic disease of the cord, ia more frequent in disease 
originating in the meninges or hones. But the frequency 
with which spinal pain is present in abdom.inal, especially 
gastric, disease, and in neuralgic affections, lessens its- 
diagnostic value when it exists alone. It ia prohably no 
exaggeration to say that of one hundred patients who com- 
plain of spinal pain, in ninety-nine there is no spinal disease. 
Moreover, in cases of organic disease, pain ia far less 
frequent when the disease begins in the cord, than when 
it oommencea in the protecting structures. In meningitis, 
acute or chronic, spinal pain is frequent, and in oi^nie 
disease of the bones of the vertebral column it is an almost 
constant symptom, and ia combined with local tenderness. 
The same combination of local pain and tenderness is seen, 
however, in some oases of neuralgic pain, "rachialgia." 
The distinction between the two is, that in organic disease 
there are indications either of displaeeraent of the vertebne 
or of changes in the cord. 

A still moi-e important group of pains ore those which 
are referred to the parts to which the sensory nerves axe 
distributed, and have hence been termed " exoentrio or 
irradiating pains." They are due to the irritation of the 
posterior nerve-roots in their passage through the inter- 
vertebral foramina, through the membranes, or through 
the posterior columns of the cord. Other similar pains 
are due, apparently, in some cases, to irritation of the 



I 
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sensory conducting tract liigher up the cord." They may 
be dull pains, singularly resembling rheumatism, and con- 
stantly mistaken for rheumatism by the patients themselves 
and their medical attendants. The mistake is the more 
easily made, because other symptoms suggestive of spinal 
disease may be inconspicuous, and the rheumatoid pains, 
iu acute cases, may be accompanied by febrile sjinptoms, and 
in chronic cases may be influenced by weather, being much 
more troublesome in damp and cold than in &ie and dry 
weather. In all cases, persistent rheumatic pains in the 
limbs should excite a suspicion of spinal disease, and watch 
should be kept for such symptoms as local loss of power, or 
alterations in reflex action. In other cases they are sharp 
darting pains, " like a flash of lightning and gone again," as 
they are often described by patients with locomotor ataxj', 
in which they are very frequent. Sometimes there is a 
momentary local stab, at others the pain seems to dart down 
the limb. The position in which these various excenfric 
pains are felt — legs, trunk, or arms — depends {when the 
nerve-roots are irritated) upon the seat of the disease — in the 
lumbar, dorsal, or cervical region of the cord. Occasionally 
the irritation is felt, not as a sharp paiu, but as a painful 

I sense of tightness, as if a band were tied tightly around the 
limb or trunk — the " girdle-pain," as it is called. When 
there is transverse damage to the cord, at the lowest part of 
the healthy region there is a state of initation of the sensory 
nerves, and this irritation (referred to the nerve -endings) 
eauses the girdle-pain. When the nei-ve-roots are irritated 
by disease of the vertebra, caries or cancer, the paiu is 
Tery intense, and is especially increased by movement 
("paraplfiffia dohyonn "). 
Whenever there are excentrio pains there may be increased 
or diminished sensitiveness in the part to which the pains 
are referred. Spontaneous sensations are also common, 
the various feelings comprehended under the terms " numb- 
Ibca 
h 



* The Intest phpdologioitl Teseafahea aeem to show that the aoadacting 
t tr&ctH in the cord are not, aa is ooramoalf taught, entircl}' inaenaitive to 
I local stimnlatioD. 
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ness," " pins and needles," " fiuriuess," " fomiication," and J 
the like. The conditions in which they occur are Tarious, -1 
but they should never he lightly passed over. 

Spasm. — Muscular spasm is coDspieuoua in many cases 
o£ disease of the spinal cord. It depends on over-action of 
the motor centres. Primarily, perhaps, it is due to " dimin- 
ished resistance " within them, but ultimately the func- 
tional action (and underlying nutrition) of these centres 
seems to he "permanently altered. The motor centres are, 
as we have seen, both parts of the reflex centres, and tha 
terminations of the path of voluntary impulse. Hence 
spinal spasm may be excited hy peripheral impressions, or by 
attempts at voluntary motion. In some cases paroxysms 
appear to come on without excitation, especially during sleep. 
In sleep, however, the reflex action of the cord is very , 
readily excited, and it is difficult to exclude slight reflex J 
stimulation. As an acute symptom, spasm is almost confined f 
to meningitis, and to some very rare forms of functional I 
irritation. In meningitis the spasm is apparently reflex, 
produced by initation of the nen'es of the meninges. In } 
chronic organic disease, spasm is usually a late symptom, of 
gradual development, and then its reflex character may often 
be distinctly traced. It occurs in cases in which muscle- 
reflex action is in excess, and this, as already explained, 
follows and indicates the occurrence of descending degene- 
ration in the lateral columns (see p. 30), The increase in the 
muscle-reflex action is first manifested hy an excess of the 
irritability which can be developed by tension (increased 
tnee-jerk, foot-clonus), and this may be distinct at tha 
end of a week or ten days, A fiu-ther increase leads to 
occasional "stiffness" in the legs, especially at night; and 
ultimately there is developed a considerable degree of spasm, 
the condition known as " spasmodic or spastic paraplegia." 
Any peripheral impression, superficial or deep, pinching the 
skin, for instance, or sudden muscular tension, will then 
excite spasm. The attempt to elicit the foot-clonus may 
cause such muscidar rigidity that no clonus can be obtained. 
In most eases the spasm is extensor in chpracter, and evidently 
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depends on the reflex mechanism which assists in mtdn- 
taining extension of the legs in the erect posture. In health, 
when we stand, the muscles are in a state of balanced 
contraction, largely reflex, the afferent impulses being 
derived from muscles, possibly in part from joints. In spastic 
paraplegia a similar but more intense extensor contraction is 
excited by the same posture of the limb. Flexed, it may 
be supple, but extend it passively, and as soon aa it ia 
straight the muscles become rigid, and it cannot again 
be flexed except by considerable force. It is just as 
when a clasp-knife is opened, as soon as the blade ia 
fully extended it becomes rigid. So this has been called 
"clasp-knife rigidity." Frequently the spasm fixes for 
the time both legs to the pelvis, and if one leg is lifted 
from the bed the other rises with it. The same extensor 
Bpasm occurs when the patient attempts to stand, and it 
often enables a patient to remain erect whose voluntary 
power would be insuiBcient for him to do so were he not 
aided by the spasm. 

In some cases, especially during sleep, flexor spasm 
predominates, and the hip and knee joints become 
strongly flexed. On what the difference in the form of 
spasm depends we do not yet know. Spasm, especially 
flexor spasm, was formerly regarded as evidence of " chronio 
meningitis," because acute meningitis is accompanied by 
spasm. In many of these eases, however, there is no 
other evidence of meningeal disease. 

Occasionally spasm occurs in violent paroxysms, first 
tonic, and then clonic, excited by alight peripheral im- 
pressions, and in some cases apparently spontaneous — 
the " spinal epilepsy " of Brown-Sequard, The resemblance 
to an epileptic paroxysm, however, is not close, and the 
quick clonic spasm depends on precisely the same conditions 
as the foot-clonus. The peripheral impression excites violent 
tonio Bpasm ; as this is passing off, the tension on the imper- 
fectly relaxed muscle is sufficient to develope clonic contrac- 
tions, just as does the passive tension in the ordinary method 
of obtaining the foot-cloni^, and so we have a series of quick 

k2 
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clonic contractions suoceediiig tonic spasm. The effect ia j 
moat conspicuous in the quadriceps extensor of the knee. 
Sometimes the initial tonic spasm ia slight, and the spaBin | 
appears to consist entirely of clonic spasm,* | 

Thus these spasmodic phenomena indicate intei^rity of the I 
reflex loops and functional over-activity of the rellex-centres; , 
This over-action in chronic caaea ia the effect of disease ' 
ahove, in the lateral columns ; the degeneration of their 
fihrea extends down to the lower centres into the grey 
matter, and probably invades a stnictnre in it whicli controls 
the muscle reflex action (see p. 30). The gradual develop- 
ment of the over-action indicates that it is the reault, in most 
cases, of changes consequent on this degeneration. Control 
being thus removed, the excesaive reflex action gradually 
leads to what may he termed, if the expression is permissible, 
a functional hypertrophy of the centres, causing persietent 
and extreme spasm. 

Simple rigidity of muscles, varj-ing too little to be termed 
spasm, occurs also in some forms of diaeaae of the cord, espe- 
cially in caaea of muscular atrophy (degeneration of the 
anterior coi-nua), and ia due to simultaneous (or, according to 
Charcot, preceding) degeneration in the lateral columns. Per- 
eistent shortening (contracture) occurs also in the antagonists 
of paralysed muscles, but now and then as a result of over- 
action from central disease. As a consequence of this the knees 
may become flexed or the heels drawn up. The latter form 
of rigidity, dependent on a primary over-action, ia alwaj-s 
asaoeiated with more or less general spasm in the limb — an 
important diatinction from the condition in which such 
shortening ia due to the paralysis of the opponenta of the 
contracted muscles. Persistent eoutraoture of the gastroc- 
nemii, as part of "spastic paraplegia," is sometimea seen 
in adults, but is more oommon in children. 



mantion that the term " spinal epilepHy " hsM been 
mieapplied in France to the (oot-Dlouiia. 
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-INDICATIONS OF POSITION OF DISEASE : 
ANATOMICAL DIAGNOSIS. 



"We may now consider, briefly, how the symptoms which 
we have studieil are grouped in diseases of different regions 
of the cord. The various symptoms, and their significance, 
have already been considered in detail, so that it is necessary 
only to mention them here. Some lesions of the cord affect 
certain structures (white columns or gi'cy matter) in a consider- 
able vertical extent, the other structures being normal. Such 
affections have been called " system diseases," Others, again, 
are -v^ry limited in their vertical extent, and have been 
termed " focal " lesions. Tlie latter may be limited to one 
structure, or may extend through a considerable transverse 
extent, even through the whole thickness of the cord — " total 
transverse lesions." The lesions which affect certain struc- 
tures only, whether extensive system diseases or hmited f oi^l 
diseases, are called " partial lesions," and it is convenient to 
commence with these, 

1, Aii/fro-ffifpral White Coliimm. — Disease of the antero- 
lateral white columns causes loss or impairment of voluntary 
power below the lesion, descending degeneration in the 
pjTaniidal tracts, and over-action of the lower centres, espe- 
cially of those concerned in the muscle-reflex processes. This 
ovei--action may be manifested only as excess of the myotatic 
contractions, or it may increase to spasm and rigidity — spastic 
or spasmodic i>arap]egia. There is no wasting uidess the 
degeneration, extending from the lateral columns, invades the 
motor nerve-cells in the anterior comua. Then we have a 
combination of spasm and wasting in wliich, if the comual 
degeneration proceeds, the spasm and rigidity may lessen as the 
nerve-celk suffer. In disease limited to these columns (at any 
rate, when the disease is Hmited to the pyramidal tracts) there 
is no loss of sensation, or in co-ordination. These symptoms of 
" spasmodic poi-aplegia " may arise from a primary degenera- 
tion in the lateral columns, limited thereto ; but sueli cases are 
rare, and in the majority the disease is a foeol lesion more 
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or less extensive at some level in the dorsal or cervical cord, 
and the degeneration in the lateral columns is secondary. 
The evidence of the latter form is afforded (1) by the cir- 
cumstance that the symptoms came on, in the first instance, 
suddenly or rapidly, primary sclerosis being gradual in onset, 
and a leeion which occurs in short time is always " focal " ; 
(2) the evidence which may generally be discovered that 
there has been at some time, or is in some region, damage 
which extends beyond the lateral columns. The proof of 
this is the implication of sensation, or the interference, at the 
level of the lesion, with the central functions of the cord. 
We are only justified in suspecting a primary salerosis of the 
lateral eoluraiis when we can find no auch evidence or history 
of a wider focal lesion, and when the affection came on very 
gradually ; and we can only feel siire tliat it exists when the 
arms become affected in the same manner as the legs, and 
after them. We must remember also that descending lateral 
sclerosis, with secondary spasmodic phenomena in the limbs, 
may also result from damage to the motor tracts above 
their decussation — in the medulla, the pons, or the motor , 
parts of the cerebral hemispheres. It occasionally results I 
from bilateral damage to the surface of the brain during I 
difficult birth. 

Certain lesions may damage the motor tracts slightly, 
and impair conduction in a pecuhar way, apparently 
rendering it unequal in different fibres. As a consequence, 
the muscular action is disproportionate in different muscles, 
and instead of a balanced co-ordinated movement, we have 
an unbalanced jerky movement. This is seen especially j 
when irregular islets of sclerosis affect the cord— dissemi- 
nated or insular sclerosis ; and according to the researches of 
Charcot it appears that this irregular conduction is the 
result of the unequal wasting of the medullary sheaths, the 
axis-cylinders remaining, A precisely similar symptom may 
result from pressure on the motor tract — as by a growth. 
Not rarely this '"disseminated" or "insular" sclerosis, in | 
one region, ia combined with a system-degeneration 
another. An occasional combination, for instance, is the I 
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JBrking movemont (from cervical insular sclerosie) in the 
arms, and ataxic inco-ordi nation in the legs {from lumbar 

sterior sclerosis). Or with the jerky inco- ordination in 
the arms there may be weakness with spasm in the legs 
from lumbar lateral soleroaiB). In the latter case it is 
'■ probable that the lateral sclerosis is simply " descending," 
the result of the damage to the pyramidal tracts higher up 
by the insular scloroais. It must be remembered that insular 
Bolerosis sometimes causes merely loss of power, and equal, 
not irregular, impairment of conduction, especially when it 
occurs in the dorsal region. In such a case we may be 
imable to distinguish its symptoms from those of a difEuse, 
widely-spread degeneration. 

2. Posterior Columns. — In disease of the posterior oolumna 
there is interference with co-ordination without loss of 
power ; excentric pains, impaired sensation, and diminution 
of reflex action, in consequence of the implication of the 
sensory roots. All these symptoms depend on disease of 
the postero-extemal columns (posterior root zone).* Disease 
of the postero-median columns gives rise to no known 
symptoms. 

The posterior columns may be damaged by any patho- 
logical process ; they are frequent seats of primary degenera- 
taon (sclerosis), the condition which, constitutes the common 
form of locomotor ataxy. The symptoms of this disease 
usually present the following order — ^loss of the myotatic con- 
tractions, especially of the knee-jerk, pains, inco- ordination, 
diminution of sensation, loss of sexual power, and of the 
reflex-action from the skin (which may in the early stage 
be increased), affection of the sphincters, and occasionally 
interference with the nutrition of bones and joints. 

There is no loss of motor power or wasting aa long as the 

• It is to be noted, howeyer, that rcceut researches, especially those of 
Pierret and Dejerine, have shown that there is frDquentlj an independent 
degeneration of the peripheral aecHory nerveH. ITie eitent to which the 
Bymptoraa of the diseaeo depend on this ia at preaent imdetennined. It 
does not appear to be invariable, ftnd the effect in prohably the same, 
whether the nerve-fibrea are damaged at the periphery or in the poattrior 
oolurans of the cord. 



5G THE DIAGNOSIS (IF DISEASES OF THE SFl.VAL CORT). 

disease remains limited to the poBt^rior columnB. It may,^J 
however, extend fonvards into the anterior comua, cauBingl 
muacidar atrophy and weakness to be oonjoined with the 1 
ataxy. Or the lateml columns may be affected at the Bome 
time aa the posterior; we then have weakness as well as 
ataxy, but no wasting. The disease of the lateral columua 
causes, as I have just stated, increase of the musale-reflexJ 
action, and this inerease may thus co-exist with inco-ordiiiar>1 
tion, the damage to the posterior roots being shght, perhapsF 
absent, in these cases (see p. ^6), Thus we may lia\'e tlial 
anomaly of atasy with actual loss of power, excess of thej 
knee-jerk instead of its loss, and the front-tap contraetioi 
obtainable, and even the foot-clonus. 

Associated with primarj- degeneration of the posterioi 
column are certain other symptoms due to simuItaneoTU 
degeneration elsewhere. Of these the most important ( 
loss of reflex action of the iris to light, wliieh is extremely' 
common, loss of accommodation, wliieh is rare, and optio ■ 
nerve atrophy, which is occasional, 

An important fact to remember, regarding the praterior 
columns, is their proneness to degenerate : they recover less 
readily, and degenerate more readily, than any other struc- 
ture in the cord. A lesion in one sjmt may set up a degene- 
i-ation which ultimately involves tliem in their whole extent. 
Damage affecting the whole thickness of the cord may pass 
away from the rest, and persist in Ihe posterior columns, and 
even spread there. In such a case we have ataxy succeeding 
loss of power. Movement returns, but without co-ordination. 

3. Anterior Corii»a. — The auterior comua contain the 
motor nerve-cells, which, as I have said — (1 ) influence the 
nutrition of the motor nei-ve-fibres proceeding from them, 
and consequently that of the muscles; (t?) constitute a 
link in the path of the voluntary impulse from the brain to 
the muscles ; (3) form part of the reflex loop, ]irobably also 
of the reflex centre, with which the nniscles are connected. 

llenoe we have, as the result of disease of the anterior 
comua — (1) degeneration of the motor nerves and wasting 
of the mnscles ; (2) loss of voluntary power, i.e., paralysis 



AXATOMICAL DIAGNOSIS. 



57 



of those musdes ; (3) interference with, or arrest of, all 
the reflex actions in which these muecles take part. 

The extent of these symptoms, whether they itre uni- 
lateral or bilateral, aifeet mnny muaeles or few, will depend 
strict.ly on the extent of the disease in the spinal cord. 
Of the three symptoms, the muscular wasting is incom- 
parably the most important. Paralysis may result from 
diseafie elsewhere in the motor traot, e.g., disease of the 
lateral column higher up. Loss of reflex action may depend 
on disease elsewhere iu the reflex loop, e.g., disease of the 
sensory fihres in or outside the cord. But muscular wasting 
■ is due only to a lesion of the motor cells, or to a lesion 
of the nerves cutting the muscles off from the influence of 
these cells. In most oases we are able to exclude the 
latter (by indications presently to be mentioned) ; the state 
of muscular nutrition comes thus to be of the highest 
importance as indicative of the state of the anterior comua 
of the conl. To leam their condition further, we ascertain 
the electrical excitability of the nerves and muscles, according 
to the principles already laid down- 
Whenever we find wasting, and infer that there is disease 
of the anterior comua, we have next to observe whether the 
weakness and wasting are proportioned, i.e., whether the 
weakness is only such as the affection of the grey matter 
will account for, or whether it is in such excess as to 
indicate other disease in the motor tract. 

In acute diseases of the anterior comua, paralysb precedes 
wasting. The sudden interru]ition of the motor path causes 
immediate loss of power. Wasting of muscles succeeds 
the degeneratiou of the motor neiTes, occurring a week 
or ten days after the loss of power. In chronic diseases 
the wasting and weakness come on together, 

Chronic disease of the anterior comua is often combine<l 
with disease of the lateral (pyramidal) columns similar to 
the descending degeneration. Charcot beheves that in these 
oases the degeneration in the lateral column is primarv, 
its symptom, muscidar rigidity, preceding the symptom of 
the comual disease, muscular wasting, and he terms the 
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affection "lateral amyotrophic sclerosis." It is poseitle, 
liowever, that this position will need reconsideration, and 
that the degeneration in the lateral colamna is, Bometimes 
at least, secondary to, or simultaneous with, the disease in 
the comua. It often extends, however, beyond the fibres 
related to the degenerated comua, and so may cause weak- 
ness and spasm in the Umhs helow the seat of the muscular 
atrophy. Thus we have wasting in the arms, and weakness 
with spasm in the legs, and even, as I have seen, wasting 
in the shoulder museleB, and weakness without wasting 
in the hands. 

A lesion of the anterior comua never, per se, affects 
sensation. Acute lesions in this situation may, however, 
disturb adjacent sensory parts (posterior eornu or sensory 
tract), and ao cause "excentrio" pains, often rheumatic in 
character. Actual loss of sensation, with wasting, points, 
especially if irregular in distribution, to damage to the 
nerve-roots outside the cord, and therefore to disease of the 
meninges rather than of the cord itself. 

4. tfiiilateml Lmom. — These interfere with the conduction 
of the motor impulse on the same side as the lesion, and 
BO cause weakness in one side, " hemi-parapleg^a " or " spinal 
hemiplegia," and often descending unilateral sclerosis with 
its symptoms in the affected leg. Whether there is weakness 
of the other leg (if the lesion is strictly unilateral) ivill 
depend on the number of pyramidal fibres, which in the 
" direct pyramidal tract," have not- decussated at the seat 
of the lesion ; and this varies, as we have seen, in different 
individuals. It must be remembered, however, that in uni- 
lateral lesions, the opposite half of the cord is often sUghtly 
damaged, and the symptoms are therefore rarely limited 
to one leg. Sensation is affected on the opposite side to 
motion, but not quite up to the level of the lesion, because 
the decussation of the sensory tract is not immediate, but 
occurs a httle above the place at which the nerves euter the 
cord. Sometimes, however, sensation is affected on the samo 
side as motion. This is often the case when the paralysis 
affects the leg only, and probably the lesion is, in such 
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cases, so placed as to impair the Hensory fibres before their 
decuBBation. 

5, Total Transverse Lesions, — A total transverse lesion of 
the cord, at any level, however limited in vertical extent, 
separates all parts below the lesion from the brain, and 
hence, bo far as will and perception are concerned, pro- 
duces the same effect as if the whole of the cord below 
the lesion were destroyed. A section across the eord in 
the middle of the cervical enlargement, for instance, 
paralyses all parts below the neck with the exception of the 
diaphragm. Hence the extent of the paralysis indicates 
only the upward limit of the lesion. This is also indicated 
by the position of the girdle-pain and radiating pains, or 
zone of hypenesthesiii, which are due to the irritation of 
the sensory roots in the lowest port of the upper segment — 
an important indication when the lesion is in the dorsal 
region, where the precise hmitation of motor weakness may 
be recognized with difEoulty. 

It is important, however, to know the symptoms which 
occur in disease at different levels, ' These are shown in 
the accompanying diagram and table (Fig. 14). an{l may 
be understood from the following description. The indi- 
cation of the upper level of the lesion is afforded by the loss 
of the motor and sensory functions, shoivn in the first two 
columns. The lowest nerves supply the anus and perineum. 
The nerves which supply the skin and muscles of the leg 
and foot arifie from the 1st to the 3rd sacral nerves, and 
ore damaged by a lesion involving the lower part of the 
lumbar enlargement. We must remember, however, that 
the skin ou the inner side of the leg is not supplied from 
this source, and so may escape when the outer part of the 
leg and back of the thigh have lost sensation. In the 
middle of the lumbar enlargement, we have the nerves 
arising which enter the lumbo-satTal cord, and these are 
probably destined for the flexors of the knee, and for the 
hip muscles which are supplied by the sacral plesus, the 
glutei, the quadratus, and gemelli, and the skin of the 
lower part of the gluteal region. These parts then will be 
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paralysed fey disease in tlie middle of the lumbar enlarge- 
ment, while the muscles and skin in front of the thigh 
are imafFecfed. The latter suffer when the disease afiecta 
the upper part of the lumbar enlargement, the origin of 
the anterior oniral {rectus, etc.), and obturator (adductors). 
The skin on the upper and outer parts of the thigh loses 
Bensibility, with the part adjacent to the scrotum, and in 
the groin, only when the disease damages the highest part 
of the lumbar enlargement, from which the first three 
lumbar nerves arise, and then the flexors of the hip become 
paralysed. In proportion as the disease is higher in the 
dorsal region, we have the symptoms ascending higher up 
the trunk, and marking accurately the height of the lesion 
by the loss of c\itaneons sensibihty, and by the impairment 
—first, of the abdominal muscles, and then of the ijiter- 
costal muscles. The umbihcus coiTespon<k to the lOth 
dorsal nerves, and the ensiform area to the (ith and 7th. 
When tlie disease reaches the lowest part of the cervical 
enlargement (the 1st dorsal nerves), we have the first 
symptoms in the upper extremity ; but these are not, as 
might be expected, in the muscles moving the shoulder 
joint, but in the hand. The first numbness is com- 
plained of in the little finger, and the first weakness is 
in the intrinsic muscles of the hand. Ascending higher, 
the symptoms pass up the arm with some uniformity, and 
without respect to nerve distribution. ^Vhen the middle 
of the cervical enlargement is reacted (the 5th, (ith, Tth 
cervical) the shoulder muscles and the serratue magniis 
become paralysed, and there is general loss of power and 
sensation and anmsthesia. Above the level of the 6th 
pair, the trapezius and sfemo-mastoid become somewhat 
weakened, for the fibres of the spinal accessory wliich 
supply them undoubtedly oi-ise in part from fins region of 
the cord. At the 4th and 5th cervical the lower part of 
the neck becomes auEosthetic, and the diaphragm ceases to 
Here our localization might cease, for total transverse 
lesions at this spot necessarily cause death. For a Uttle 
time the stemo-mastoids and scaleni can still get air into 
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the chest, bwt not in sufficieTit nmount to maintain life for 
more than a few days. But limited lesions may occur 
higher up, and then we have complete powerlesaneBS of the 
rauaclea moving the head, upper part of trapezius and stemo- 
mastoid, and other muscles attached to the occipital hone, 
and interference with sensation in the neck and porta of the 
head, which are not supplied by the 5th nerve. 

The extent downwards of the lesion, its vertical extent, ] 
IB thus not indicated by the impairment of its conducting I 
functions, the motor or sensory paralysis ; and to leam | 
this we have to examine the functions of the cord as 
central organ, and to ascertain how far they are impaired 
in the paralysed region — to examine especially muscular 
nutrition and reflex action. The state of muscular nutri- 
tion and irritability indicates how far the anterior c 
are impaired, and the latter shows, as I have explained I 
(p. 40), whether they are involved in the primary lesion or I 
are affected secondarily. The relation of the several groups 
of muscles to the cord is shown in the first column of 
the table. The integrity of reflex action indicates the 
integrity of the reflex loops, and the study of the super- 
ficial reflexes of the trunk is especially instructive in this I 
respect. The series of reflexes, and the relation of each to 
the cord, are shown in the third column of the table ; the ■ 
myotatic contractions are printed in itahcs in the position 
which corresponds to the centres, the influence of which 
is essential for their production. Excess of superficial reflex 
acftion indicates withdrawal of the cerebral controlling in- 
fluence of the reflex centres, and marked excess of the 
muscle-reflexes suggests the existence of 
degeneration in the lateral columns. 
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XV.—IS-DICATIONS OF NATURE OF DISEASE: 
PATHOLOGICAL DIAGNOSIS. 

The last part of our subject remains for consideration — 
the elements of the pathological diagnosis, by which, having 
ascertained the seat of the lesion, we endeavour to learn 
its nature. To do this, we attend, first, to the way the 
symptoms come on and develops ; secondly, fu the position 
and distribution of the lesion ; thirdly, to any causal or 
I associated conditions which may be present. 

"We may group the primary morbid states into the fol- 
lowing forma : — 

(a) Tasculor lesions ; rupture of vessels, causing htemor- 
rhage ; ooeluaion of Tessels, from thrombosis or embolism 
(the latter being very rare). 

(6) Inflammation ; " myehtis," acute or chronic, the 
former causing softening. It is common to call all forms 
of softening " myelitis " ; we do not yet know how far 
they are originally inflammatory, or are set up, as in the 
brain, by vascular occlusion. Some chronic inflammations 
are not attended by softening. 

(e) Degeneration and "sclerosis," in which the nerve-fibres 
■waste, and the connective tissue (neurogha) overgrows. 

The term " sclerosis " is inaccurate etymologically, since 
the part altered by increase of connective tissue elements is 
often softer than normal, but the term is firmly estabUshed. 
In some eases the change appears to commence in the nerve- 
fibres, in others in the connective tissue. Some forms of 
degeneration pass by gradiuitions into chronic inflammation 

I (here bm elsewhere), and the term " chronic myelitis " is 
sometimes apphed to the slow degenerative forms. On the 
other hand, the condition of "sderoais" may result from 
inflammation. The t*rm is thus tised in two senses, to 
indicate a pathological process, and a pathological condition 
which may result from more than one morbid change. Here 
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the term will Le used, wlieu im qualified, to designate the J 
process. 

It is most impoi-taiit to remember that degeneration and i 
Bclerosis are not identical terms. Primary degeneration of \ 
the nerve-fibres is followed, after weeks or months, by over- j 
growth of the interstitial tissue, which takes their place 

frf) Pressure from without, hy inflammatory awelling of | 
raemnges, or by displaced bones, or by growtJis. 

(f) Growths in the cord itself. 

I. We have first to oonaider how far these several lesions ' 
can he distinguished hy their onset, i.e., by the time occupied | 
in their development to a considerable degree of intensity. 
According to this, we may divide them into five classes : 
those in which the onset is sudden, instantaneous or nearly ] 
BO ; ariiffi, occupying a few hours to a few days ; subacute, 
developing iu one to six weeks ; and lastly, the chronic 
cases, which may he divided into those ocoupying six weeks 
to six months, and those ocoupying six months and upwards I 
in their onset. 

I have endeavoured to show the common relation of the ■ 
lesions to these several cdnraes in the following table : — 
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Pressure / 
or I J 

Growths I 



"ascular lesio 



Inflammation 

(myelitis. 



{/eic minutes) 
Acute 

{few hours or (h;/x) . 
■ Subacute 

(oite to «!> weeks) 
Chronic 

(nix wefks fo six months). , 
Very Chronic 

{six moiit/is {iiifi upicards) I (sclerosis). 

A lesion of sudden oocurrence, developing symptoms in 
the course of a few minutes, is almost always vascular; 
commonly hiemorrhage, perhaps sometimes vascular obstruc- 
tion. But a vascular lesion may occupy a somewhat longer j 
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in development — a few HonrB or days. In acute and 
subacute inflammation the symptoms come on in the course of 
a few hours, a few daye, or a week or two. Chronic inflam- 
mation oceupiea from a few weeks to a few months. 
Degeneration, in which there is no adequate evidence of 
any inflammatory process, occupies raaoy months, or it 
•laay be years. The symptoms produced by growths or 
ample pressure (traumatic causes excluded) are never 
Budden or very acute, and rarely, if ever, very ohronic, 
the time occupied by the development of the symptoms 
varying, according to the nature of the cause, from a fort- 
night to six months. 

It ia necessary to eonaider, however, not merely the 
whole time occupied by the development of the disease, 
but also the uniformity of its course. Two or more morbid 
processes may concur. An initial myelitis, for instance, 
may lead to a secondary degeneration ; and, on the other 
band, in degenerated tissues sudden vascular lesions oeca- 
ffionally ooour. Pressure often produces local myelitis, which 
may be very acute in its development. Cancer of the 
vertebral, for instance, usually causes rapid myelitis. The 
whole course of the disease must be asoertaiued before an 
inference is drawn. 

The onset and course of the symptoms thus sometimes 
enable us to decide at once that a lesion is of a given 
character, as that one which occurs instantly ia vascular, or 
.that one whioii takes years for its development is degenera- 
^iive. More frequently they enable ua to exclude certain 
jnorbid processes, and to restrict the possible lesion to two 
■or three forms. For instance, a lesion which comes on in 
the course of a few hours must be either vascular or inflam- 
matory. Between these we have to decide by attention to 
other indications. 



L 



n. In actual diagnosis it is convenient to consider next 
the indication afforded by the position and distribution 
of the disease. We consider what diseases occur in this 
situation, and then wLiob of them have the mode of onset 
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wliich haa been ascertdined. As I said at the outset, thj 
indication is only to be employed in subordination to . 
careful study of the mode of onset and course. 

The grey matter of the cord is the most frequent seatfl 
of haemorrhage. Either grey or white substance may 1 
the seat of inflanamation or of degeneration. In young * 
children inflammation is much more common in the grey 
matter than in the white. Pressure or growths usually 
first affect the white columns, but may afterwards involve - 
the grey matter. 

The affections called "system-diseases," in which 
system of structure is affected through a wide vertios 
extent of the cord, are commonly degenerative in nature :j 
such ore lateral sclerosia, posterior sclerosis (looomotM 
ataxy), the change in the anterior comua which leads to pre 
gressive muscular atrophy {anterior eomual deg 
These processes probably begin in the nerve elements. On! 
the other hand, lesions which have a limited vertical extent 
— "focal lesions" — -are commonly the result of processes 
which may be either acute or chronic, but begin outside 
the nerve elements, in the connective tissue, vessels, et&J 
Such are htemorrhages, foci of myelitis, spots of " insular "] 
sclerosis, growths, and pressure from without. 

But this distinction cannot be employed except after due 
oonsideration of the mode of onset. Scattered acute focal 
lesions, for instance, may be widely distributed in the some 
Btrueture, and produce symptoms limited to certain funo- 1 
tions, but of wide extent, and simulating— indeed, eonsti-r 
tuting — a "system-disease." Thus I have seen sub-acute* 
symmetrical myelitis of the anterior comua in the lumbar 
and cervical enlargement cause paralysis and atrophy in all 
four extremities, the upper parts of the limbs being normal. 
Again, a small focal lesion may be limited to one structure, 
and cause symptoms confined to one function. Thus we may 
have an anterior eomual myelitis, or a columnal myelitis, 
lateral or posterior, giving rise to limited symptoms — looaiJ 
muscular atrophy, unilateral paralysis, or local ataxy..! 
Lastly, many "focal lesions" may give rise to secondor;;^ 
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Bystem-degeneratious. A focus of myelitis in one lateral 
column may cause descending degeneration in the whole 
lateral column below, with its attendant spasmodio symp- 
toraa. Indeed, so true is this, that, as we have seen, lateral 
BolerOBiB is more often secondary to a Umited focal lesion 
.than primary. In all these oases, however, attention to the 
mode of onset will prevent error. 

Tlie combination of mode of onset with seat of lesion 
.sometimes helps us in a more direct manner, especially in 
:the case of growths and compression. The characteristics 
.are their limited vertical extent, gradual onset, and alow 
invasion of paiia adjacent to that first affected, on the 
same level ; one leg, for instance, is affected, and then the 
other. 

Indication of disease outside the cord, irritation of certain 
nerve roots, causing severe local pain, often precedes the 
symptoms of compression and is an important aid to 
diagnosis. It shows the- existence of a morhid process out- 
Bide the cord before the cord is involved. But we cannot 
use even this indication except in dependence on the mode 
of onset. A disease, as a growth outside the cord, may 
not only compress the cord, and cause slow loss of power; 
it may excite inflammation and cause rapid palsy. 

There is a rare form of paralysis, in which the functions 
of the cord are progressively impaired from below upwards, 
until, in the coiirse of a few days, death results from inter- 
ference with respiration. In these ciises of " acute ascending 
paralysis," as they are called, no lesion of the cord has 
usually been discovei-ed, and their exact nature is unknown- 
Ill. The last element in the pathological diagnosis is 
the detection of any influence which can be regarded as 
the cause of the disease in the spinal cord, or any associated 
condition which may indicate an active morbid process. 
We have seen that tlie mode of onset may help us to lim it 
the disease to certain possible forms of lesion ; the distri- 
bution of the affection may render it probable that it is 
one or other of these forms ; and the detection of a causa 
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of disease of the spinal cord, and the knowledge o£ th.M 
leBiona whicli that nause produces, may help us to fix t 
natiire of the lesion still further. It is important, thei 
fore, in diagnosis, to he aware of tlio several effects of 1 
common causes of spinal disease. 

1. The Age of Ifm Patient. — In young cliildien aot 
myelitis is the most frequent lesion, and the grey matter i 
usnally the chief seat of the disease. 

2. The Sfite of the Vascular Sydem. — The conditions whi 
fayour hiemorrhage are of far less diagnostic value witlil 
regard to the spinal cord than with regard to the hrain. I 
Conditions of mechanical congestion — heart disease, emphy- 
sema, etc. — favour degenerative changes and also, probably, 1 
thromboaia. The state of the vascular syslem which is asso- 1 
ciated with ehronio kidney disease undoubtedly favours 
degenerative changes in the cord, the ocemrence of which has 
been demonstrated by Sir William Chill and Dr. Sutton, 

3. Scrofula commonly causes spinal disease by leading to 
disease of the hones of the spinal column ; and the evidence 
of this, local tenderness or irregularity of the vertebral 
spines, or actual curvature, is of the highest diagnostio 
importance, and careful and repeated examination of the I 
bones should never be neglected in cases of obscure spinal 
disease. There is, perhaps, no error in diagnosis which is 
more frequently made, or which results in graver errors in 
treatment, than the non-recognition of disease of the spinal 
hones, It is important to remember that the damage to 
the cord may occur before the signs of bone disease are 
distinct : hence the importance of repeated esaminationa. 

In bone disease the cord suffers in at least four different 
ways: — \a) By pressure from the inflammatory swelling of 
the bone or inflammatory products without cimfature. The 
effects of the pressure may lessen as the curvature comes on. 
{b) By pressure in oonsequeuGe of the displacement, the 
bony canal being narrowed by the angular projection of J 
the bodies over which the cord is stretched, (e) By-' 
seoondary chronic inflammation, with thickening, of thaa 
dura mater and tissue outside it, compressing the oord 
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pi(rf) By inflamiriatifm extending througli the membranes 
I to the cord, or Bet up in the cord hj the compresBion. 
I Hence we cannot, "because we find evidence of bone disease, 
immediately conclude that the cord is pressed upon by the 
displaced bone. We must investigate the mode of onset of 
the symptoms and tboir character, and infer from these the 

■ diaracter of the disease of the cord according to the rules 
now given. The most common mechanism is compression 
by products of inflummation outside the dura mater, and 
by the thickening of this membrane. 

In recognizing bone disease it must be remembered that 

I not only may there be no angular curvature until long after 
the cord has suffered, but there may not even be irregalarity 
of the vertebral spines. There ai'e often pain and local deep 
.tenderness to be ehcited. In the resulting paraijlegia the 
excess of the cutaneous reflexes is often an early and con- 
Bpieuous symptom, and spots of ansesthesia at the level of 
the bone disease, due to pressure on nerves, may sometimes 
be found, and give important help in diagnosis. 
4. Syphilis. — The methods by which syphilis oauaes 
■disease of" the cord, which are universally recognized, are — 
(ff) The growth of syphilomata springing from the con- 
nective tissue, the membranes, or tissue in the fissures, and 
invading the cord. In these cases we have symptoms 
varying in character according to the position of the growth, 
and similar to those produced by other limited lesions, but 

■ always of gradual onset, 
(i) By chronic meningitis, with thickening and pressure 
on the nerves, and sometimes on the cord also. The cha^ 
racteriatio symptoms depend upon the damage to both 
motor and sensory nerves, that of the former cutting oS 
the muscles and peripheral nerves from the influence of 

■ the motor nerve-ceUs, and hence causing muscular atrophy, 
Very similar to that due to disease of the grey matter, 
tut differing by its association with scattered areas of 
diminished sensitiveness of the skin. The interferenoe 
with the reflex loops aboHsbes reflex action in the part ; 
but if the damage is confined to the upper part of the 



L 
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cord, and the cord itself is pressed upon, there maj hi 
excess of the reflex action on the lower part. 

(t>) Syphilitic disease of vessels may probahli/ lead ' 
acute softening, similar to that in the train. SyphilitiflJ 
subjects may become suddenly paraplegic, and it is poasibleii 
that it is by this mechanism, although the fact does noH 
at present rest on post-mortem evidence. 

All the above lesions originate in the adventitial 
structures. There is, however, a considerable mass of' 
evidence to show that (rf) diseases which originate in the 
nerve elements and neurogha, more or less inflammatory 
or degenerative in character, may he a late effect of 
syphilis. I have found, for instance, disseminated foci of | 
chronio myehtis, affecting chiefly the periphery of the cord, 
throughout the dorsal region, in a syphilitic woman, and 
two similar cases have been observed by Pierret. It ifl pro- 
bable that this form of chronic myehtis is usually syphilitic. 

Symptoms of acute myelitis sometimes occur in ayphilitio 
subjects, and the myehtis has been regarded as due to the 
syphilis, but the evidence of this is at present insufficient. 

The maj'ority of eases (abont 70 per cent.) of locomotor 
ataxy, primary posterior sclerosis, occur in individuals 
who have had syphilis many years before.* Anterior 
comual degeneration (progressive muscular atrophy) some- 
times occurs after constitutional syphilis, and so also do 
the symptoms associated with sclerosis of (he lateral colunms. 
In these cases of degenerative disease it does not appear, 
as far as we can tell, that the anatomical process presents I 
any recognizable difference from that which occurs as : 
residt of other causes ; and it is possible that the influence I 
to syphih's, although effective, may not be direct, i.e., th« | 

■ See "Syphilitio NeuroHea,'' "Brit. Med. Journal," March, 1870. A 
similar statement had been espressed before by Fouriiier, and ainee haa been 
made by Vulpian and Erb. I have given their atatemonla in a paper on tha 
Babjeot oi " Syphilis and Locomotor Atany," iii the " Lancet "for Janunry, 
1B81. It is not suggested that syphilis ia the caune in this proportion ; In 
gome the coinoidenoe of ths two diseases inity be acuidental. The faota 
seem tu justify the assertion that half the patients wonld not suffer from 
ataxy had they not previously suffered from syphilis. 
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» ia due, in part at least, to the preceding syphilia, 
although it ia not sjphilitio in nature. One consequence 
of syphilia may be to cause a neuropathic tendency, in which 
these diseases are gradually developed. 

Although not strictly a fact of etiology, I may mention 
that the result of treatment often affords an important 
corroboration of the diagnosis of syphilitio disease. If 
Eyniptoms, which we have reason to suppose are due to 
syphilitic disease, improve rapidly when iodide of potassium 
or mercury is given, the diagnosis is strongly corroborated.* 
But the converse of this is not equally true. A disease may 
be due to syphilis, and no improvement be obtained from 
specific treatment. It must be remembered that aa regards 
(a), {/)), and (o), the S3^hilitic disease causes symptoms by 
producing changes in the nerve elements, softening, degene- 
ration, etc., which are not in any way syphilitic, but are 
such aa would result from adjacent disease of any other 
nature. Under some conditions (of intensity, duration, 
etc.), the recovery of the uerve-tisauo may be impossible, 
even though the syphilitiQ adueural disease be completely 
removed. Further, the diseases of the last olasa (d) are 
not, except in the earKest stage, benefited to any marked 
extent by anti-syphiUtdc treatment. 

5. The exciting caitses of disease of the spinal cord some- 
times afford diagnostic indications. Exposure to cold may 
cause acute symptoms, commonly due to inflammatory 
softening — sometimes focal, sometimes diffuse ; and ia the 
latter case often accompanied by symptoms of meningitis. 
It may also cause hfemorrhage. It is especially effective 
in women at the menstrual period. Repeated exposure 
may lead to degeneration, especially in the grey matter. 

Acute specific diseases, as typhoid fever, are occasionally 
followed by spinal symptoms, due to changes which are 
probably of the nature of subacute inflammation. It is 



* Always providiid the symptoms are n 
tan^ously, I do not mentiaii tMs eiceptioiL 
as it is. it has leas applicatioQ to the ajpl 
than to those of the brain. 



luch as tend to lessen spon- 
the tBx.1, becaQse, iraportant 
ic diseases of the apinot cord 
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very common for a patient, after typhoid fever, to suffer for 
a long time, Bometimes permanently, from weakness of the 
legs ; and occasionally during the course of the dinease acute 
symptoms, as those of anterior conmal mjehtis, may occur,. J 

Sexual excBBS is a more common cause of transient | 
functional weakness than of organic disease. 

Traumatic influences are frequent causes of cord disease. J 
The cord may be directly pressed upon and damaged by i 
displacement or fracture of the vertobrto, or a severe con- I 
cuflsion may be followed by slow paralysis at an interval I 
of a few days or weeks. In such a case, occurring after a j 
railway accident, I have found numerous minute foci of 1 
clirooic inflammation, most abundant in the grey matter. 1 
Sometimes a still longer interval elapses between the I 
injury and the paralysis. In such cases a growth 
patch of sclerosis appears to be set up by the injury, ] 
although years may pass before the symptoms reach a4 
considerable degree of intensity.* 

These, then, are the chief etiological facts, which, taken I 
in conjunction with mode of onset and distribution, enable I 
us to form an opinion regarding the nature of the lesion. 

To sum up : In examining a case of disease of th»-fl 
spinal cord, the method should be briefly as follows :- 
First, endeavour to ascertain the exact seat of the lesioi 
note how far the several conducting functions of the cord I 
are impaired, and the highest level of the impairment ; 
then ascertain the condition of the central functions, espe- 
cially muscular nutrition and irritability, and reflex action, J 
first in the part below the level at which conduction ia ] 
impau-ed, and secondly at the supposed level of the lesion; 
and in this way you may infer, without much difficulty, 
what is the extent of the lesion transversely and vertically. | 
In the next place endeavour to ascertain its nature by eon- 

• An instniotivo inatiuioe of tho way in which the results of an injury of 1 
the head may crubo both growths and Hrt^fll discaae, and, years lat^r, J 
both chronio and acute aymptomp, vill he found recorded in the author'! 
'' Medical Ophthalmoscopy," Case 4, p. 218. 
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I BideiiDg — first, how the symptoms came on and developed ; 
secondly, which of the lesions having this mode of onset 
and development oceur in the region affected; and thirdly, 
which of them are produced by the caxise or causes to 
which the disease is apparently due. 

This process of diagnosis may seem somewhat elaborate, 
and, no doubt, a practised observer does not always con- 
sciously go through it. But, iu most cases, if he wish to 
avoid error, he goes through it unoonsciouHly, and no step 
ean be with safety dispensed with. We may thus, in 
almost aU cases, arrive at an exact diagnosis of the seat 
of the disease, and, in a large number of casea, of its nature 
also. There are, however, some cases with respect to which the 
diagnosis o£ the nature of the lesion can be approximate only, 
although we can always limit it to one or two possibilities. 

It will be observed that I have said nothing of " ancemia 
of the cord," of " hyperEemia of the cord," or of " reflex 
paralysis." In ciurent descriptions of the symptoms of these 
conditions, I cannot help thinking that a vigorous scientific 
imagination has contributed much more than observation has 
supplied. The only practical knowledge of the effects of 
anfomia and bypereemia of the cord, is, that they seem capable 
of causing such disturbance of the sensory structures as reveals 
itself in subjective sensations of fiugling, pius and needles, 
and the lite, and perhaps also some impairment of motor con- 
duction. A large number of authorities here and abroad are 
sceptical as to the existence of such a condition as " reflex 
paralysis," i.e., a paralysis due to the effect on the centre of 
some peripheral irritation, disappearing when this was re- 
moved. Although our modem knowledge of the various 
phenomena of inhibition and reflex action renders such a 
paralysis d priori even probable, it is certain that the theory 
has been extensively misapphed. 

Spinal Menitiffitis. — The object of this lecture has been to 
explain the principles of the diagnosis of diseasea of the cord 
itself. But it may be well to allude briefly to the diagnosiB 
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of spinal meningitis. Of acute meningitis I need say little. 
The acute aymptoras, spinal pain, and severe spasms, are well i 
known. Chronic spinal meningitis, however, is a disease re- 
garding whieh current opinion has curiously changed during 
the last fifteen years. A large number of symptoms were ■ 
assigned to chronic meningitis which we now know have 
nothing to do with that pathological state. I have mentioned 
that to it the symptoms o£ weakness vrith chronic spasm, 
"spasraodio paraplegia," were ascribed. But we now know 
that these are due to alterations within the cord, and are 
independent of any meningitis. The only symptoms which 
are usually due to this condition are those which result from 
the involvement of the nerve-roots in their passage through 
the diseased membranes. The roots are irritated by the ad- 
jacent inflammation. The meninges frequently become much 
thickened, and by this thickening the nerve-roots are often 
greatly damaged. The irritation affects first the sensory 
roots, causing " excentric " pains and hj'penosthesia, to which 
are often added areas of ansesthesia here and there, due to 
the greater damage of some nerve-roots. The affection of 
the motor roots causes symptoms similar to those of disease of 
the anterior comua, but very irregular in distribution. The 
peripheral motor nerve-fibres, cut o£E from their motor cells, 
degenerate, and the muscular fibres waste, and present elec- 
trical reactions which vary according to the rapidity of the 
morbid process. Sometimes the nutrition of the skin suffers. 
There is frequently, in addition, pain in the back, from the 
lumbar to the cervical region, sometimes severe between the 
shoulders, and accompanied sometimes with rigidity of the 
vertebral muscles. I 

The chief conditions with which chrome spinal meningitis i 
may be confounded axe posterior sclerosis (locomotor ataxy) 
in which the sensory nerve-roots are implicated, and anterior 
comual degeneration (progressive muscular atrophj'). From 
the former it is distinguished by the absence of ataxy, from 
the latter by the irregular distribution of the symptoms, a 
from both by the existence of limited areas of anEesthesia, 
and of extensive spinal pain. It must be remembered that | 
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infiammation often affects the subetance of the cord oa well 
as the meninges, or the cord may he pressed upon by the 
thickened membranes, and so mixed symptoms may result. 



A word on the subject of the nomenolature of dlsenBes of 
the spinal cord. If we wish to obtain clear ideas, it is essen- 
tial to use terma, where we can, which shall he pathological, 
aud which shall be at once simple and descriptive. To obtain 
these, we mu^t avoid the error, too common, of striving aft-er 
extreme brevity. Names of morbid states, the meaning 
of which is obvious, are, even if somewhat longer, to he 
preferred to shorter expressions, the meaning of which is 
obscure. We are apt to associate with brief obscure names 
the idea of definite diseases. But if we would gain and 
convey exact ideas of the diseases of the spinal cord, we 
muat endeavour to substitute the idea of morbid processes 
for that of definite diseases, 

A simple and convenient system of terminology lies 
close to hand. We have in the spinal cord, the two comua 
of grey matter and the three columns, lateral, anterior, 
and posterior. In each of these situations the various 
morbid processes ah-eady described may occur, and we 
have only to combine the terms indicating the place and 
the lesion to have a system of terminology already partly 
in use, and which will altogether suffice for our present 
needs. Thus we may have a eolumnal or a comual 
myelitis, hsemorrhage, sclerosis, degeneration, or gi-owth. 
Wo may have, for instance, an " anterior comual myelitis," 
or, for shortness (since we cannot yet diagnose posterior 
comual diseases), a "comual myehtis;" or we may have 
a comual degeneration. For anterior comual myelitis, the 
term " tephro-myelitis " has been proposed by Charcot, 
and "anterior p oho -myelitis " by Kussmaul. The latter 
term has obtained wide currency, hut its meaning is much 
less obvious than that of "anterior comual myelitis." The 
simpler system of nomenclature I have employed throughout 
this lecture, and it has probably been readily intelligible, 
although unexplained. 
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V.—TSE DISTINCTION OF FUNCTIONAL AND 
ORGANIC DISEASE. 

No term is more loosely used in medical writinga than 
" fimotional disease," It is oommonly employed, in regard 
to the nervouB system, as a designation for those affections 
in which no morbid changes have been hitherto discovered, 
even with the microscope, and from which recovery is possible. 
XId fortunately, we have no other general term for these casM, 
and it is to be regretted that we are compelled to make a 
positive term connote negative characteristics. Strictly speak- 
ing, a functional disease is one which oonsists in a disorder 
of function without any preceding alteration of nutrition. 
The affections of the nervous system which can be included 
under this definition are very few. Most of the examples 
of purely functional disturbance of one part are the result 
of disease in some other port of the nervous system. In 
moat cases of so-called functional disease, we must assume 
changes in nutrition. In some, these changes are probably 
primary ; in others they may be secoudai-y to the disturbaucQ 
of function. 

Hysteria is the moat frequent cause of symptoms that 
are within the range of the spinal functioos, and not due 
to organic disease. Hysterical symptoms of spinal type 
usually have the form of loss of power in the legs, " hys- 
terica! paraplegia ; " and one of the most frequent p 
in diagnosis ia the distinction of this from organic c 
But more than one morbid condition is included under the 
term " hysterical paraplegia." In the most characteristic 
fonn of the disease there is not any affection, even func- 
tional, of the spinal cord. There is loss of power over the legs, 
because there is in relation to the legs the peculiar ungeared 
state of the volitional centres, which is at the root of oil pure 
hysteric palsy. There is no disturbance of the central 
functions of the cord. Keflex action from the skin, and 
myotatio irritability, ore normal. The muscles do not 
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waste, althoiigh they may become somewhat fiatby from 
disuse, Retention of urine may occur, hut there is never 
incontinence, nor is there any affection of the sphincter ani. 
Sensation on the legs is almost always normaL Thus, all 
objective indications of an affection of the cord are absent. It 
is necessary to establish tliis negative fact before any weight 
can be allowed to the positive indications of the hysterical 
nature of the case. These are rather suggestive indications 
than positive symptoms. One of them is the presence or 
history of other unequivocal symptoms of hysteria, globus, 
loss of voice, hysteroid convulsions, and the like. Another 
is the mode of onset. Hysterical paraplegia is often excited 
by some emotional shock, such as an alarm. But it rarely 
comes on instantly, or reaches a high degree in an hour or 
two, except when it immediately follows a severe emotional 
shock. Usually its development occupies several days or 
weeks, and it is often preceded by occasional attacks of 
momentary weakness in the legs. When a considerable 
degree of weakness comes on quite suddenly there have been 
usually such preceding transient attacks of slighter loss of 
power, A third indication is derived from the character 
of the weakness. It is very rarely absolute. Some power 
usually remains. The patient can move the legs, hut 
cannot stand. Moreover, there are two peculiarities in the 
manner in which the legs are moved which are, perhaps, 
more significant than any other positive symptom. But the 
fuU power which can he exerted ia not put forth at once. 
By continued effort and repeated ui'ging much more force 
can be evoked ultimately than at first. Thus the patient, 
lying in bed, is told to raise the foot. She does so, slowly, 
for about six inches, and says she cannot get it any higher. 
Nevertheless she holds it there, and if urged idtimately raises 
it higher, a foot or eighteen inches from the couch. The 
second is that if the patient tries to exert force with a given 
group of muscles, the opponents of those muscles are put in 
action at the same time and in undue degree. Thus, if the 
knee is flexed, and the patient is told to try to extend it, the 
flexors are put in action, as well as the extensors, and prevent 



OF DISEASES OF THE SPINAL CORP. 

the movement. Hesistanoe to passive movement is often I 
hesitating and jerky. OceaBionally a movement, at 1 
steady, becomes modified, in a few minutes, ty tremor, usually I 
quick but variable, now fine, now coarser, and with quick 
sudden Jerks. It has been mistaken for the spasm of dissem- 
inated sclerosis, but differs in dot being uniformly wild and 
irregular. The tendency to contract other muscles than those 
which effect the desired movement, is often associated with an [ 
inability to relax the muscles voluntarily. This may prevent 1 
the knee-jerk being obtained. The flexors of the knee & 
tract and prevent any movement when the patellar tendon 
ia stnick. I believe that it is this, and this alone, which 
has led to the assertion that the knee-jerk is sometimes lost 
in hysteiical paraplegia, or that it varies, and can be 
obtained at one time and not at another. There is rarely 
antestbesia. These several indications are separately of 
Uttle significance; they derive value from their combi- 
nation. 

In another class of cases there is, in addition to the above 
symptoms, distinct indication of slight disturbance of the 
functions of the spinal cord itself. There is spinal tender- 
ness, a[>parently due to a neuralgic state of the spinal 
membranes or ligaments. Pain in and about the spine is 
often complained of, and is increased by movement, but 
it is never unilateral, pasaing round one half of the trunk, 
as in organic disease. There ia a sKght increase of 
myotatic imtabihty in the legs. The knee-jerk is excessive ; 
the rectus contraction oan readily be produced by tapping 
the depressed patella. The front-tap contraction in the 
gaatroonemius may be obtained, and a " spurious foot- 
clonus " may occfur when the ankle is passively flexed. 
This spurious clonus results, as already described (p. 32) 
from a voluntary and variable contraction in the calf 
muscles. There is never a regular persistent clonus, except 
when there is persistent hysterical contracture (to be pre- 
sently described), a much rarer condition in hysterical 
paraplegia than in hysterical hemiplegia. 

This morbid state of the central functions of the oord is ' 
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probably, in some casea at least, the result of the complex 
combination of nenropathio tendencies, which is called 
hyateria. The clinical history of this disease affords many 
examples of the affection of lower centres, excited by 
emotional causes, but running a course to a considerable 
extent independent. Nutritional obangea doubtlesa foUow 
the disturbed function, and one case recorded bj Charcot 
suggests that, after years, the changes in nutrition may 
attain the degree of visible structural alterations. But in 
many cases of hysterical paraplegia the change in nutrition is 
to a large extent, often altogether, removable by judicious 
treatment directed to the Btrengthening of the will, improve- 
ment of physical health, and the removal of the irritable 
state of the spinal cord. 

In other casea the disturbance of the cord has an indepen- 
dent origin. Many weakly women, who are not hysterical, 
suffer from symptoms which indicate slight impaired action 
of the cord. They are bad walkers, soon tire, and when 
tired suffer pain in the spine. The miisclea of the legs ore 
flabby, sometimes very thin ; the knee-jerk is excessive. 
This condition is often left after prostrating diseases, such as 
typhoid fever, repeated child-bearing, prolonged anemia from 
any cause, and may be permanent. If such women are, or 
become, the subjects of hysteria, the spinal weakness deter- 
Diines the direction in which symptoms develope that are of 
ideal origin. It is often difficult to distinguish these cases 
from those last deaoribed. I believe, however, that those in 
which the disturbance of the central function of the cord is 
secondary to hysteria are far less common than those in 
which slight spinal weakness or pain in the back precedes 
the hysterical disturbance and determines it, and may endtu'e 
after the volitional defect is removed. Often both may be 
due to a common cause, which impairs general health and 
lowers nervous tone. 

These cases, in which volitional defect is combined with 
shght over-action of the spinal centres, give rise to consider- 
able diagnostic difficulty, unless the complexity of the 
pathological condition is duly reoogniswd. 
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In cases in which there is rigidity of the legs, the question | 
arises whether there is true spasm or hysterical contracture. 
The problem is the more difficult, because iu each condition I 
the limbs are usually extended, and in each there may be a I 
distinct foot-elonus. This may be developed in hysterical 
contracture, as it is in health when the ealf-musclea are long 
contracted. But in the vast majority of eases attention to 
the following points will decide without difficulty the nature 
of the case. In hysterical contraetiu-e the muscular spasm is 
greatest at the extremity of the limb. The ankle-joint is 
extended, so that the dorsum of the foot is in the line of the ' 
tibia, and the foot is usually inverted. Any attempt to alter , 
the position is resisted, and if the contracture is partiaDy 
overcome the rigidity continues. It can be ultimately over- ] 
come, but considerable pain is produced. The contraction is 
constant. In spastic paraplegia the spasm is equal through- 
out the limh, or even greater at the proximal extremity. The 
effect is to fix both legs to the pelvis, so that if one is lifted 
the other is moved with it. The spasm is variable ; at times 
it is slight, at others violent. It is excited by peripheral 
irritation. It is not only extensor in charairter, but is almos 
exclusively extensor. When the limbs are flexed they are 
supple, but 08 soon as they are extended they become rigid. 
If the ankle-joint is in ext.ension, it is in consequence of actual 
shortening of the calf-muscles, which cannot be overcome. 
A clonus is usually ohtaiued without difficulty, and ia uniform. 
It is best obtained when the spasm is least, In hysterical 
contracture the clonus is tisually variable, and best marked 
when the contracture is greatest. The attacks of so-called 
" spinal epilepsy," first tonic and then clonic spasm, excited , 
by peripheral impressions, occur only in organic disease. 

Hysterical sjTuptoms are notoriously greatest when the 
patient is under examination. The patient walks best when 
she is unaware that she is being watehed. The mora atten- 
tion is paid to a given symptom, by the patient or others, 
the greater it is. Under the influence of a strong motive, 
actions can be performed that cannot be effected by a simple 
volitional effort. Strong faradization, for instance, may j 
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Kmake an hjsteirical patient move lier leg when slie cannot 
I be made to move it ty a volimtaTy efEort. Care must te 
I taken, iiowever, not to mistake a reflex for a voluntary 
Such a mietalie frequently leads to error in 
In many cases of paraplegia, from disease of 
the dorsal cord, with entire loss of voluntaiy movement, a 
painful cutaneous impression will cause a flexion of the hip- 
joint, by which the leg is drawn up, closely resembling a 
voluntary movement. The observer must satisfy himself 
as to the character of the movement before he allows it to 
influence his diagnosis. 

Other forms of so-called " functional paraplegia " are 
rare. Their most frequent causes are sexual excess and some 
morbid blood state, especially chronic alcoholism and gout. 
The loss of power is never absolute, rarely such as to prevent 
the patient walking, and varies from time to time. The legs 
"feel heavy;" they are readily fatigued, and are often 
the seat of abnormal sensations, tingling, formication, and 
the like. Sensation, reflex action, and myotatic JrritabiHty 
are all normal. The sj-mptoms occur chiefly in adults and 
in males. The absence of indications of organic disease, 
the variations in the symptoma, and the recognition of the 
cause, usually render an accurate diagnosis practicable. 
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The following illustrations may render clearer the appli- 
cation of the methods of diagnosis. I will take, first, 
two cases in which the pathological diagnosis presented 
no difficulty, since both were cases of fractured spine, and 
complete paralysis of the legs occurred immediately on the 
accident, indicating direct damage to the cord by the dis- 
placed bone. 

(1.) In the one case, that of a sailor, there was no irregu- 
larity of the spines to guide us as to the position of the 
injury, but this was clear enough from the symptoms. The 
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legs were completely paralysed, aud oU tlie muaeloa, when 
the patient came imder observatiou, some months after 
the injury, were greatly wasted, faradaio irritability being 
extinct. Thia proved complete degeneration of the motor 
nerves arising from the lumbar enlargement. Sores had 
formed on the limba and sacnim, indicating damage to the 
nerves which influence the nutrition of the skin. Senati- 
tion was at first lost, but afterwards returned as hyperes- 
thesia — suggesting initial damage and partial recovery of 
the nerves or traet« conveying sensation. The sphinctorB 
were powerlesB, and their condition was such as to indicate 
damage to, or separation from, their centres in the cord 
(see p. 44). From these symptoms we inferred damage by 
compression of the lower part of the lumbar enlargement, 
and of the nerves passing it. But what was the state of the 
dorsal region of the cord ? Sensation above the groins was 
normal, but this does not exclude slight damage to the cord, 
since the impairment of sensation caused by slight damage 
may soon pass away. Here it was that the superficial 
trunk reflexes assisted ns. We found that the epigastric 
reflex and the abdominal reflex were perfectly natural on 
each side, even in the lower part of the abdomen. The 
cremasteric reflex, however, was active on the right side, 
absent on the left ; so that we had evidence that the dorsal 
cord was normal, and that the damage commenced at the 
Ist lumbar nerve, where the reflex loops were damaged 
OU the left side and normal on the right, and that 
just below this point the damage was great. The patient 
died, and the autopsy revealed exactly the condition which 
had been diagnosed. The dorsal cord was uninjured, aud 
Bo was the highest part of the lumbar enlargement ; while 
its lower portion was split in two by a fratiture, with 
displacement, of the 1st lumbar vertebra, which had also 
compressed the nerve-roots. Microscopical examination 
revealed, also, slighter mischief in the cord, extending as 
far aa the upper part of the lumbar enlai'gement. 
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(2.) The other . 



that of a girl, a patient iai 



pUmvereity College Hospital under the care of Mr. Heatli. 

I Slie fell off a house-top and became at once paraplegic. 
There were indications of damage to the tones about the 
10th doraal vertebra. The legs were completely paralysed ; 
but there was only slight wasting, the faradaic irrita- 
bility of the musoles being preserved, although lowered ; and 
reSex action was preserved. Hence it was inferred that the 
motor KOTves were undegenerated, that the lumbar anterior 
oomua were not directly damaged, that the reflex loops 
were entire ; in short, that the damage to the cord was at 
or above the highest pait of the lumbar enlao-gement. There 
was lo^ of sensibility to pain in the legs, that to touch 
being perfect. Hence we infeiTed that the destruction of 
the cord was incomplete. This loss extended as high as the 
epigastrium — evidence of some damage to the cord as high 
OS the origin of the 8th dorsal nerves. This was corro- 
borated by the condition of the superficial reflexes of the 
trunk : the abdominal was lost on both sides ; the epigastric 
was lost on the right side, but present on the left, indicating 
clearly the highest level of damage. Thus there was evi- 
dence of affection of the cord from the origin of the 8th 
to that of the 11th dorsal potra; but the symptoms did 
not show whether the damage was equal throughout this 
region. This information was, however, supplied by an 
examination of the faradaio irritability of the abdominal 
muscles. Above the umbihcus there was normal irritabiUty ; 
below the umbilicus it was gone — i.e., the motor fibres of 
the 9th pair were undegenerated, their anterior oomua 
were undamaged, the fibres of the 10th pair, perhaps also 
the 11th pair, were degenerated, and the corresponding 
coniua probably damaged. As the lumbar enlargement 
waa not directly damaged, we were able thus to limit with 
precision the considerable damage to the cord to the origin 
of the 10th, or lOfch and 11th pairs. The loss of the epigas- 
tric reflex on the right side indicated that the damage to the 
cord on that side was greater than on the left. The sub- 
sequent progress of the case showed the significance of these 
indications. A month later the epigastric reflex returned 
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on the right side, an indication of commeucing recovery J 
in the upper part of the damaged region. A few weeks I 
later she gained some power of moving the left leg, hut 
the reflex action hocame cxeesBive in hoth legs, and the 
foot-olonus could he ohtained. Now, four months after 
the injury, the abdominal rettexea are returning ; a sHght 
reflex can be ohtained just above the groin, and above the m 
umbilicus ; none at or just helow the umbiKcua.* 

In hoth these cases, thus, the information conveyed hy i 
the trunk reflexes was most important. 



{3.} A man, aged twenty-eight, had suffered from weak- I 
neas of the legs for more than two years. He was able 1 
to walk leaning forwards upon his sticks. His arms were I 
unaffected. He could just flex the hips and extend the [ 
knees, but could not flex the knees, and scarcely the I 
ankles. The riglit leg was the weaker. The legs were I 
well nourished. Even as he entered the room, the clonic ' 
Bpasm at the ankle-joint, as the calf-muscles were put i 
the stretch, was conspicuous, and it was found that the 
knee-jerk was in great excess, and the foof^olonuB 
could be obtained hy the shghtest pressure against the 1 
soles. A shght peripheral impression caused rigid spasm | 
succeeded by clonic contraction as the stronger s 
passed lessened (spinal epilepsy, see p. 51). Thus the I 
loss of power showed interruption to the motor path some- J 
where below the cervical enlargement. The preservation \ 
of the myotatic contractions, and the absence of wasting J 
in the legs, showed the integrity of the lumbar reflex J 
loops "and grey matter, while the intensification of these 1 
contractions pointed to such over-action of the reflex centres I 
OS accompanies descending degeneration in the lateral ] 
columns. 

The next point was to search for any evidence of mis- J 
chief beyond the motor tract. This was found in the fact I 

• Fifteun months aftor the aooident, the left bg has regTiined considerablo 1 
power : the right TemaiiiB poi'sljaod. The mnscle-reflex iiritability hat I 
iuoreuBed to spasm. 



85 



that sensation to jiain in tlie legs was perverted : the pain 
of a prick was felt, tut iu an atnoniial manner. Sensation 
to touch waa normal. Thus it was e\'ident that somewhere 
the sensory tract also was interfered with to a slight 
degree. The same fact waa indicated by a sense of con- 
striction around the abdomen. The two symptoms pointed 
to a lesion extending beyond the motor trarfs, i.e., to a 
focal lesion, and the fact that the sense of conafrictioii was 
around the lower part of the abdomen made it probable 
that the lesion was in the lower part of the dorsal region. 
The cutaneous reflexes of the trunk were then examined. 
On the left side the epigastric reflex and the abdominal 
reflex above the umbilicus were very active. Just below 
the level of the nrabilicus the abdominal reflex was much 
lessened, and midway between the umbilicus and groin 
could not be obtained. On approaching Poupart's ligament 
it was again produced, and an impression here caused reflex 
flexion of the hip. Behind, the left doi-sal reflex was 
active, the lumbar absent. On the right side, however, the 
abdominal reflex was extremely slight throughout, and the 
epigastric reflex could not be. produced (although so active 
on the left side), and no lower dorsal or lumbar reflex 
was obtainable. Thus the reflex phenomena pointed to a 
very limited lesion on the left side, at the level of origin 
of the 11th dorsal nerve, while on the right side the more 
extensive loss indicated more extensive mischief in the 
right half of the lower dorsal cord, corresponding to the 
greater weakness of the right leg. This affection of the 
reflex in the left side corresponded to the position of the 
constricting band around the lower part of the abdomen. 
What was the nature of the lesion ? Its onset was very 
gradual ; the eoramenceraent waa by a sensation of 
"numbness," followed, eight mouths later, by weakness. 
This extreme slowness pointed to degenerative changes 
— local "sclerosis." There was no bone disease, no history 
of syphilis ; but the patient had been much exposed to 
wet two months before the onset, and we have seen that 
degenerative changes sometimes result from this cause. 
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(4.) A man, aged forty-eight, came under treatment for 
■weaknesa of the right leg, chiefly marked in the movementa 
of the foot. The corresponding arm was miaffeeted. ThuB 
there was impairment of the motor conducting tract (lateral 
column) on the right side, somewhere below the oervioal 
enlargement. Sensation was unimpaired ; the sensory traict, 
therefore, undamaged. The nutrition of the legs was good ; 
the plantar reflex reo.dy and equal ; the knee-jeit exoesaive 
in eoth leg ; the foot-clonus and front-tap contraction ob- 
tainable in each. Hence the reflex loops and grey matter of 
the chief part of the lumbar enlargement were intact ; the 
excess showed that there was probably lateral soleroaia 
descending from a lesion above, and that this existed on the 
left side as well as on the right. The lesion waa thus 
evidently somewhere in the dorsal region of the cord. To 
learn its seat further, the higher superficial reflexes were 
examined. The cremaster reflex waa distinct on the left side, 
not to be obtained on the right. The abdominal reflex 
was normal on the left side, hut on the right it could not 
be obtained except Just below the edge of the ribs. The 
epigastric reflex, excited from the side of the chest, waa dis- 
tinct on each side — as readily excited on the right aide as on 
the left. Hence we had evidence, from the impairment oi 
the reflex loops, that the cord was damaged on the right side, 
from the 8th dorsal nerve to the 1st lumbar. The excess of 
the myotatio irritabihty in the left leg suggests that the mis- 
chief had impUoated shghtly the left half of the cord, so as to 
lead to some descending degeneration, although not to any 
loss of the cutaneous reflexes. It is possible, however, that 
the descending degeneration in the left side of the lumbar 
enlargement, may have been due to the damage of fibres of 
the direct pyramidal tract on the right side, before their 
decussation to the left side. 

So much for the anatomical diagnosis. The affection had 
come on acutely. In nine hours from the first symptom the 
leg was powerless, and it waa five months before it recovered. 
The "acuta" onset points to either a vascular lesion or 
inflammation. Causal indications were obscure. The n 
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attributed his symptoms to a severe strain three days before, 
which he stated also caused " ulcerated bowels," The wide 
extent of the lesion in the right side of the oord, and its 
acute but not instantaneous onset, suggests the probability 
of a myelitis, not severe in degree, although acute in onset, 
rather than of haemorrhage. 

(5.) A young man, aged twenty-two, presented himself 
with weakness, wasting, and deformity of the left forearm. 
The muscles of the shoulder were normal. The upper arm 
muscles were rather smaller than those of the right side, but 
were of fair size and nutrition. The muscles of the forearm 
were greatly wasted, except the radial extensor of the wrist ; 
the muscles of the thumb and little finger were much wasted, 
the interossei only shghtly. The wasted muscles had lost 
faradaic and voltaic irritability, the condition being of long 
standing, and the muscular fibres probably totally degenerated. 
Sensation was perfect. The leg was not qiute so strong as 
the 'other ; nutrition normal ; the myotatic irritabihty ex- 
cessive in each leg; knee-jerk increased, and foot-elonus 
and front-tap contraction obtainable. Thus we had evidence, 
from the muscular wasting, of a limited lesion in the left 
anterior comu in the lower part of the cervical enlargement ; 
from the impaired power in the leg, of slight damage to the 
motor tract for the leg ; and from the excess of the myotatic 
contractions, of degeneration in the pyramidal tracts de- 
scending from above. 

What was the nature of the lesion ? Its onset was sudden, 
nine years before. One morning he suddenly felt a pain in 
the bock of bis neok, then he found his arms and legs be- 
coming weak, and this increased so rapidly, that in half an 
hour or so he was unable to move any limb, but there was 
no noticeable loss of sensation. Thus he lay for three weeks, 
and then the right arm began to regain power, next the right 
leg, and then the left leg, so that in two months he eould walk. 
The wasting in -the muscles of the left arm was very rapid. 
There was no causal indication. Thus there was a lesion of 
sudden onset, and therefore primarily vascular — thrombosis 
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or hfemorrliage — at first affecting a ivide transverse area of 
tlie cord, and impairing all its functions at the spot, ex- 
cept oonduction of sensation. The part slightly damaged 
soon recovered, hut there remained an area of considerable | 
damage iu the left anterior comii, and of slighter doraaj 
the adjacent conducting tract to the leg. The focus of disease ] 
was no doubt the seat of the primary lesion ; probably a local I 
extrayasation interfering with the opposite side of the cord J 
by pressure. 

(6.) The following ease is somewhat complex in its indi- I 
cations, but is instructive as affording an illustration of the | 
diagnosis of chronic meningitis, For an opportunity of se 
the patient, I am indebted to Dr. Kussell, of EJnninghat 

A man, aged forty-seven, eomplained of weakness of the J 
legs, which was found, on examination, to be of irregidar dia- T 
tribution. In both legs the muscles moving the hip-joint I 
possessed good power. The flexors and extensors of the i 
joint were strong in the right, but very weak in the left leg. 
The flexors of the ankle in the left leg were rather weak, in I 
the right were powerieHS ; the extensors of the ankle were I 
weak in both legs, but much weaker in the right than in the 
left. The museles were wasted, and had lost foradaio iirita- 
bihty in proportion to their weakness, the voltaic irritability j 
being preserved. The wasting was greatest in the extensors I 
of the left knee, and flexors of the right ankle. In the latter J 
faradaic irritability was gone. Sensation was normal, except ] 
in an area in the front of the left leg, where it was absolutely 
lost to both touch and pain. Plantar reflex normal; no 
foot-donus; knee-jerk slight in the right leg, absent in 
the left. 

The affection of nutrition and electrical irritability indi- 
cated disease in the anterior comua, or in the motor nerves 
springing from them. By this the impairment of the knee- 
jerk was also explained. The weakness was in proportion 
to the wasting ; hence there was no reason to infer other 
disease than that interfering with nutrition. The diagnosis 
thus lay between a primary comual disease, and damage 
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to the nerve-roots by meningeal changes. The patch of 
antestheaia in the left leg was in favour of the latter. It 
is rare that anterior comual disease impairs sensation. 

The mode of onset was then inveatigated to ascertain what 
light the order of the symptoms would throw on the seat, and 
their rapidity of development on the nature of the disease. 
The first symptoms commenced nine months before, and 
were sensory ; soreness in the left leg, followed hy shooting 
pains, sometimes in the hig toe, sometimes in the calf, but 
confined to the left leg ; these lasted for two months, and 
during tliat time the leg gradually got weak. After this 
similar pains were felt in the right leg, and this also 
became weak. 

PainB of this darting character are usually due to irri- 
tation of the sensory nerve-roots ; they are similar to those 
met with in locomotor ataxy, and are almost unknown in 
afEectionfi of the anterior comua. These pains, in eon- 
junction with the patch of antesthesia, rendered it highly 
probable that the mischief was outside the cord in the 
meninges — chronic meningitis with thickening, the nerve- 
roots being irregulaj'ly damaged hy irritation and com- 
pression. Hence a careful search was made to ascertain 
if there were any trunk symptoms, throwing light on the 
disease. Inquiry elicited a history of shooting pains on the 
right side of the trunt, at the level of the epigastrium, 
with a unilateral sense of constriction. Some local hyper- 
esthesia was found, hut no anaesthesia. This also pointed 
to local irritation of the posterior nerve-roots, higher up 
— to irregular meningeal irritation. 

The causal influences wera then ascertained. No imme- 
diate cause oould he ascribed except general had health. 
Chronic meningitis is moat frequently due to bone disease 
or syphilis. There was no e'v-idenoe of bone disease, hut 
the patient had had a chancre twenty years before. 

Thus the motor B;)-mptoni3 indicated either comual or 
meningeal disease ; the sensory symptoms pointed strongly 
to the latter, and the causal conditions, as for as they 
went, harmonized with the view. (The patient had had 
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some sugar in the tiriiie, which, except for rendering the 
prognosis worse, had little apparent bearing on the case.) 
He had taken iodide for a time, but without improve- 
ment. This did not, however, militate against the diag- 
nosis for the following reason : — The meningeal change, 
though probably syphilitic, had caused damage to the nerves, 
which, descending as degeneration, had led to secondary 
changes in the muscles. The removal of the syphilitic 
change in the membranes would not at once restore the 
nerves. Their regeneration, if still possible, would be, of 
necessity, a work of time, perhaps of more time than 
had yet been allowed. Hence the patient was urged to 
persevere with the iodide, and mercury was added to 
it, and he was advised to continue the use of a voltaic 
battery to the muscles. A month later there was slight 
but distinct increase of power in the left thigh. I did 
not see him again, but a year later he was seen, inci- 
dentally, by Dr. Eussell, who has been good enough to 
inform me that the man then said he was, and appeared 
to be, perfectly well. The result thus affords a strong con- 
firmation of the diagnosis. 



DESCRIPTION OF PLATE. 



•o» 



The figures represent some of tlie more important lesions of tlie 
spinal cord. Althougli semi-diagrammatic, they have, with one excep- 
tion, been drawn, with care, from actual sections. The exception is 
Fig. 2, which is after Charcot. It may be well to state, for the 
information of those unfamiliar with the process of microscopical 
examination of the nerve-centres, that when a section of the spinal 
cord is stained with carmine, the tint assumed by the different parts 
varies, and conveys important information. The grey substance 
stains much more deeply than the white, and the nerve-cells more 
deeply than the inter-cellular grey substance. Hence the grey matter 
appears like an H -shaped rose-coloxired area, in which the nerve-cells 
appear of a much deeper red. The white substance of the nerve- 
fibres does not stain, and although the axis-cylinders stain, they are 
not sufficient in bulk to give much coloxir to the white columns. 
Connective tissue, however, stains very deeply, and the edge of the 
section (pia mater) is thus deep red, and so are the trabeculse of connec- 
tive tissue which extend into the white substance. Since the process of 
sclerosis consists in an atrophy of the nerve-fibres, and an increase in 
the connective tissue, areas so affected stain deeply in proportion to 
the intensity of the change, and its existence and degree may thus be 
rendered conspicuous even to the naked eye. The relative tint of the 
figures is nearly that of the sections from which they were drawn, all 
of which were stained with carmine. The letters indicating corre- 
sponding parts are the same in all the figures. 

Fig. 1. Descending Degeneration^ unilateral, — Section of spinal cord, 
cervical region, from a case of left hemiplegia due to disease of the 
right cerebral hemisphere. The two pyramidal tracts are degenerated, 
viz., the small "anterior pyramidal tract'' (a), close to the anterior 
median fissure, on the right side of the cord; and the "lateral 
pyramidal tract " (6) in the opposite lateral column. This degenerated 
tract is seen not to extend up to the surface, being bounded by the 
so-called ** cerebellar tract." (See p. 10.) 

Fig. 2. Descending Degeneration, bilateral, — Section of spinal cord, 
dorsal region, below a point damaged by compression. Both lateral 
pyramidal tracts (bb) are degenerated. There is no degeneration 
in the anterior pyramidal tracts, which had probably ceased (by 
decussation) above the level of the section, or may have been absent. 

Fig. 3. Ascending Degeneration. — Section of spinal cord in dorsal 
region, from a case in which the lower extremity of the cord was crushed 
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by a fraotQre of the spine. The postero -median colnmnB (c) are d 
Bclerosed. The postero-extemal ctilumna (rf) are quite free 
BiiletOBiB. The pyramidal tracts ia the lateral oolunma are aeeu 
also free from diseaae (compare Figs. 2 aad 3), but juat in front 
eaoli ia a syimnetrical area of dight degeneration (e), (See p. 12.) 

FlO. 4. Posterior Sclerosis, Locomotor Ataxy, — Section at tJie le' 
of the first Inmbar nerves. The posterior eolumns are densely selerc 
throughout their entire extent. The remaining white ooli 
anterior oomua are healthy. 

Fio, 5. Sderosi's nf Posttro-extarnal Colvmn (posterior } 
Locomolor Ataxy (from a section prepared by Prof. Pierret, of Lyons). 
A dense band of scleroaia occupies the postero-estemal column (i 
through which the posterior nerve-roots pass. Qle posl«ro-medi( 
columns (r) are free from sclerosis. The bands of aclerosia ar 
probably from the contraction of the tissue, since, from the positic 
of the limiting septum, they appear to ocoupy the entire width of thia 
colunm. Tlie patient suffered from well-marked locomotor ataxy. 

Fio. C. Syphilitic Qrotcth in Posterior Column. — Section through the 
spinal cord, cervical region, of a man who died from syphilitic diseai 
of the brain. A growth (/) occupies the right postero-cxtei 
column, and haa enlarged it to three times the normal size, diaplac 
the posterior median septum to the left. The growth haa invaded tl«M 
right posterior eornu, and extended a little way beyond it int 
lateral column. It caused inoo- ordination, and partial loss of 
bility, in the right arm. 

Fro. 7. Anterior Comnal Degeneraiinn. — Section of spinal 
cervical region, from a patient suffering from progressive 
atrophy. The grey Bubstance of the anteiior cornua is degenerated 
and irregularly translucent, the nerve-cells having disappeared (oompare. 
also Figs. 9 and 10). The lateral columns (pyramidal tracts) 
sclerosed. The posterior columns are healthy. 

Fig. 8. Anterior Cornual Myelitis {Infantile Parali/sit). — Section 
spinal cord, lumbar enlargement, from a case of old infantile paralysis 
of the left leg. The whole left half of the cord is emalli 
the right. The left anterior cornu is shrunken, and presents evidence 
of previous inflammation. The tissue is degenerated and translucent, 
eontaining large vessels. All the motor nerve-cells, ho conspicuonS' 
on the other side, have disappeared. 

Fig. 9. — Normal anterior cornu, cervical region, showing 
multipolar nerve- cells. 

Fie 10. — Anterior cornu, same position, from a case of progressii 
muscular atrophy. All tie nerve-eells have disappeared ; m 
ahrutiken corpuscles here and there are probably their remains, 
grey matrix, instead of being uniform, is irregular, translucent at 
spots, unduly dense, from sclerosis, at others, especially near the edge 
the cornu. 
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